ETCHING METHOD, SEMICONDUCTOR AND 
FABRICATING METHOD FOR THE SAME 

BACKGROUND OF THE INVENTION 

5 The present invention relates to a method for etching an 

organic /inorganic hybrid film represented by SiC x H y O z (x>0, y 
^0, z>0), a semiconductor device having an interlayer insu- 
lating film made of the organic/ inorganic hybrid film, and a 
fabricating method for such a. semiconductor device. 
10 Recent semiconductor integrated circuit devices adopt 

multilayer interconnection structures to meet requests for 
size scale-down and higher integration. Conventionally, a 
silicon oxide (Si0 2 ) film has been used as an interlayer in- 
sulating film provided between lower interconnections and up- 
15 per interconnections. Contact holes are formed through such 
an interlayer insulating film by plasma etching for connec- 
tion with lower interconnections when a multilayer intercon- 
nection structure is adopted. 

Hereinafter, as a first conventional example, an etching 
20 method for formation of contact holes through an interlayer 
insulating film made of a silicon oxide film will be de- 
scribed with reference to FIGS. 22(a) to 22(d). 

First, as shown in FIG. 22(a), a lower interconnection 
12 made of copper, for example, is formed in an insulating 
25 film 11 deposited on a semiconductor substrate 10 by a known 
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method- On the lower interconnection 12, deposited is an 
etching stopper film 13 made of a silicon nitride (Si 3 N 4 ) 
film, for example, that has the function of preventing the 
lower interconnection 12 from oxidizing during etching and 
5 also stopping the etching. An interlayer insulating film 14 
made of a silicon oxide (Si0 2 ) film is deposited on the etch- 
ing stopper film 13. A resist pattern 15 having an opening 
for formation of a contact hole is then formed on the inter- 
layer insulating film 14. Note that, although illustration 
10 is omitted, the sides and the bottom of the lower intercon- 
nection 12 are normally coated with barrier metal. 

Thereafter, as shown in FIG. 22(b), a contact hole 16 is 
formed through the interlayer insulating film 14 using the 
resist pattern 15 as a mask by plasma etching with an etching 
15 gas containing fluorine and carbon, such as CF 4 gas, C 2 F 6 gas, 
C 3 F 8 gas, CHF 3 gas, C 3 F 8 gas, or C 4 F 8 gas. 

As shown in FIG. 22(c), the resist pattern 15 is removed 
by ashing with oxygen plasma. As shown in FIG. 22(d), the 
portion of the etching stopper layer 13 exposed in the con- 
20 tact hole 16 is removed. 

in recent years, further scale-down and higher integra- 
tion of multilayer interconnection structures have been de- 
manded, and with realization of this demand, signal delay at 
interconnections has become greatly influential to the opera- 
25 tion speed of a semiconductor integrated circuit. 
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in order to reduce signal delay at interconnections, it 
has been proposed to use a film having a low dielectric con- 
stant ( e= 2 to 3) as the interlayer insulating film. As 
such a film having a low dielectric constant, known are an 
5 organic insulating film containing an organic compound as a 
main component, a fluorine-containing insulating film made of 
a fluorine-containing silicon oxide (SiOF), and an or- 
ganic/inorganic hybrid film represented by SiC x H y O z (x>0, y^ 
0, z>0). Japanese Laid-Open Patent Publication No. 10-125674 
10 proposes an organic /inorganic hybrid film made of a silicon 
oxide film containing carbon and hydrogen, deposited by feed- 
ing hexamethyldisiloxane (HMDSO) as a material gas. 

The organic insulating film, of which the composition is 
similar to that of a resist film, has the following problem. 
15 When a resist pattern formed on the organic insulating film 
is to be removed by ashing with oxygen plasma, the organic 
insulating film itself is damaged by the oxygen plasma. The 
fluorine-containing insulating film has the problem that it 
easily comes off due to its poor adhesion to an underlying 
20 film and also it is poor in mechanical strength and heat 
resistance. 

The organic/inorganic hybrid film has a specific dielec- 
tric constant considerably smaller than the fluorine- 
containing insulating film and has a mechanical strength 
25 roughly equal to that of the fluorine-containing insulating 
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film. Moreover, the organic /inorganic hybrid, film, of which 
the composition is not similar to that of a resist film, is 
less damaged by oxygen plasma, and therefore, the resist pat- 
tern can be removed by ashing with oxygen plasma. 
5 in consideration of the above, the organic/ inorganic hy- 

brid film is promising as an interlayer insulating film hav- 
ing a low specific dielectric constant. 

With the recent demand for size scale-down and higher 
integration of semiconductor integrated circuit devices, 
10 also, the diameter of contact holes formed through the inter- 
layer insulating film has become finer and the aspect ratio 
of the contact holes has become larger. It is difficult to 
fill such fine contact holes having a large aspect ratio with 
a conductive material with reliability. 
15 to solve the above problem, Japanese Laid-Open Patent 

Publication No. 8-191062, for example, proposes a technique 
in which the diameter of the contact holes is made larger 
near the opening thereof than near the bottom thereof, to fa- 
cilitate filling of the contact holes with a conductive mate- 
20 rial . 

Hereinafter, as the second conventional example, the 
etching method disclosed in Japanese Laid-Open Patent Publi- 
cation No. 8-191062 will be described with reference to FIGS. 
23(a) to 23(d). Note that in FIGS. 23(a) to 23(d), illustra- 
25 tion of a lower interconnection is omitted. 
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First, as shown in FIG. 23(a), a resist pattern 15 hav- 
ing an opening 15a for formation of a contact hole is formed 
on an interlay er insulating film 14 made of a silicon oxide 
film deposited on a semiconductor substrate 10. 
5 As shown in FIG. 23(b), the interlayer insulating film 

14 is subjected to anisotropic dry etching with an etching 
gas containing fluorine and carbon using the resist pattern 

15 as a mask, to form a contact hole 16 to reach partway in 
the interlayer insulating film 14. 

10 isotropic dry etching is then performed for the inter- 

layer insulating film 14 with an etching gas including oxygen 
gas. By this etching, as shown in FIG. 23(c), an opening 15a 
of the resist pattern 15 is widened, and with this, the di- 
ameter of the contact hole 16 is made larger near the opening 

15 thereof, to provide a tapered wall at the opening of the con- 
tact hole 16. 

As shown in FIG. 23(d), the resist pattern 15 is re- 
moved. Although illustration is omitted, by depositing a 
conductive material on the interlayer insulating film 14, the 
20 contact hole 16 is filled with the conductive material with 
reliability. 

(First problem) 

The plasma etching for forming fine contact holes 
through an organic/inorganic hybrid film is normally per- 
25 formed with an etching gas containing fluorine and carbon, 
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which can cleave Si-0 bonds, as in the plasma etching of a 
silicon oxide film. 

However , when the organic /inorganic hybrid film is 
etched with the same etching gas under the same conditions as 
5 those used for etching of the silicon oxide film, the etching 
rate largely decreases, or in an extreme case, the etching 
itself stops. The decrease in etching rate causes reduction 
in throughput. This also causes reduction in the difference 
between the etching rate of. the interlayer insulating film 
10 and that of the resist pattern, failing to secure a suffi- 
ciently large etching selection ratio. 

By adding oxygen gas to the etching gas, the etching 
rate of the organic/inorganic hybrid film increases. How- 
ever, this also facilitates etching of the resist pattern 15, 
15 and thus the etching selection ratio of the interlayer insu- 
lating film 14 to the resist pattern 15 decreases. 

The addition of oxygen gas to the etching gas also in- 
creases the etching rate of the silicon nitride film consti- 
tuting the etching stopper film 13. This reduces the etching 
20 selection ratio of the interlayer insulating film 14 to the 
etching stopper film 13. 

Therefore, it is not preferable to add oxygen gas to the 
etching gas. 

In view of the above, the first object of the present 
25 invention is providing good plasma etching for an or- 
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ganic/inorganic hybrid film. 
(Second problem) 

As described above, the etching stopper film 13 made of 
a silicon nitride film is deposited on the lower interconnec- 
5 tion 12 made of a copper film, for example. The specific di- 
electric constant of the silicon nitride film is about 7, 
which is significantly large compared with the specific di- 
electric constant of the organic/inorganic hybrid film. 

Having such an etching stopper film, therefore, the re- 
10 duction in specific dielectric constant between the upper and 
lower interconnections is not sufficiently attained despite 
of the formation of the interlayer insulating film 14 made of 
the organic/inorganic hybrid film in an attempt to reduce the 
specific dielectric constant. 
15 in view of the above, the second object of the present 

invention is reducing the specific dielectric constant be- 
tween the upper and lower interconnections by reducing the 
specific dielectric constant of the etching stopper film. 
(Third problem) 

20 The second conventional example described above is an 

etching technique in which the resist film is etched more 
isotropically to widen the openings of the resist film by 
adding oxygen gas to the etching gas, to thereby provide con- 
tact holes having a tapered opening. However, this technique 

25 requires a large amount of etching of the resist film, and 
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therefore it is not possible to increase the thickness of the 
resist film in an attempt to form contact holes having a 
large aspect ratio- For this reason, the second conventional 
example finds difficulty in application to formation of con- 
5 tact holes having a large aspect ratio. In particular, in 
the case of forming tapered contact holes through the inter- 
layer insulating film made of an organic /inorganic hybrid 
film, how the etching amount of the resist film should be re- 
duced is a big problem to be solved. 
10 There is also reported a technique in which the contact 

holes are etched into a tapered shape using an etching gas 
containing fluorine and carbon without changing the diameter 
of the openings of the resist film. However, whether or not 
this technique is applicable to the formation of contact 
15 holes through the interlayer insulating film made of an or- 
ganic/inorganic hybrid film has not been verified. 

In view of the above, the third object of the present 
invention is providing a method in which contact holes having 
an increased diameter near the opening thereof can be formed 
20 through an interlayer insulating film made of an or- 
ganic/inorganic hybrid film with reliability. 
(Fourth problem) 

In recent years, in order to enhance the resolution be- 
tween light exposed portions and non-exposed portions of a 
25 resist film, there has been proposed a technique of forming a 



8 



4 I 

i i 

U 

resist pattern using a chemical amplification resist mate- 
rial. According to this technique/ the polarity (solubility 
to a developer) is changed in portions of the resist film 
made of a chemical amplification resist material exposed to 
5 an energy beam by the function of acid generated in the ex- 
posed portions. The exposed portions or non-exposed portions 
are then removed with the developer, to form a resist pat- 
tern. 

The present inventors formed a resist film by applying a 
10 chemical amplification resist material to an or- 
ganic/inorganic hybrid film, and subjected the resist film to 
pattern light exposure. As a result, it was found that ex- 
posed portions of the resist film failed to sufficiently 
change the polarity presumably due to a reduced amount of 
15 acid generated in the exposed portions. Therefore, the re- 
sultant resist pattern after removal of the exposed portions 
or non-exposed portions of the resist film with a developer 
was faulty in shape. 

The present inventors attempted to increase the exposure 
20 amount during the pattern light exposure, but failed to suf- 
ficiently change the polarity of the exposed portions of the 
resist film. 

The faulty formation of the resist pattern did not occur 
when a chemical amplification resist film was formed on a 
25 silicon oxide film, but was unique to the chemical amplifica- 
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tion resist film formed on an organic /inorganic hybrid film. 
The faulty formation of the resist pattern was confirmed to 
occur when using a positive chemical amplification resist 
film, but is presumed to also occur when using a negative 
5 chemical amplification resist film. 

Hereinafter, a problem occurring in the formation of 
multilayer interconnections having a dual damascene struc- 
ture, which uses a chemical amplification resist pattern 
formed on an organic /inorganic hybrid film, will be described 
10 with reference to FIGS. 24(a), 24(b), and 25. 

First, as shown in FIG. 24(a), a lower interconnection 
22 is formed on an insulating film 21 deposited on a semicon- 
ductor substrate 20. An etching stopper film 23 is deposited 
on the lower interconnection 22, and then an interlayer insu- 
15 lating film 24 made of an organic /inorganic hybrid film is 
deposited on the etching stopper film 23. Thereafter, a con- 
tact hole 25 is formed through the interlayer insulating film 
24 by plasma etching using a first resist pattern that is 
formed on the interlayer insulating film 24 and has an open- 
20 ing for formation of the contact hole. 

A chemical amplification resist material is then applied 
to the resultant interlayer insulating film 24 to form a re- 
sist film. The resist film is then subjected to pattern 
light exposure and development, to form a second resist pat- 
25 tern 26 having an opening for formation of an interconnection 
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groove. At this stage, the resist film partly remains after 
the above processing, forming a resist film 26a over the top 
surface of the interlayer insulating film 24 as well as the 
wall and the bottom of the contact hole 25. The reason why 
5 the resist film 26a is formed is considered that acid has 
been reacted with some reactive group and consumed. 

Thereafter, the interlayer insulating film 24 is sub- 
jected to plasma etching using the second resist pattern 26 
as a mask, to form an interconnection groove 27 in the inter- 
10 layer insulating film 24 as shown in FIG. 24(b). During this 
etching, a barrier (inner crown) 28 made of the interlayer 
insulating film 24 is formed since the resist film 26a on the 
inner side of the interconnection groove 27 serves as a mask. 
After removal of the second resist pattern 26 and the 
15 resist film 26a as shown in FIG. 25, the contact hole 25 and 
the interconnection groove 27 are filled with a conductive 
material to form a plug and an upper interconnection. At 
this time, due to the existence of the barrier 28 on the in- 
ner side of the interconnection groove 27, the contact resis- 
20 tance between the upper interconnection embedded in the 
interconnection groove 27 and the plug embedded in the con- 
tact hole 25 disadvantageously increases. 

In view of the above, the fourth object of the present 
invention is preventing deactivation of acid in a chemical 
25 amplification resist film formed on an organic/ inorganic hy- 
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brid film, to improve the resolution of the resist film. 

SUMMARY OF THE INVENTION 

(First resolution principle) 

5 in order to solve the first problem, the present inven- 

tors examined the reason for the reduction of the etching 
rate when an organic/inorganic hybrid film is subjected to 
plasma etching with an etching gas containing fluorine and 
carbon, and found the following. 

10 fig. 26(a) illustrates a cross-sectional structure of a 

contact hole 16 formed by dry-etching an interlayer insulat- 
ing film 14A made of a silicon oxide film with an etching gas 
containing fluorine and carbon. FIG. 26(b) illustrates a 
cross-sectional structure of a contact hole 16 formed by dry- 

15 etching an interlayer insulating film 14B made of an or- 
ganic/inorganic hybrid film with an etching gas containing 
fluorine and carbon. 

An etching gas normally contains a carbon component for 
protection of the resist pattern 15. Therefore, in the dry 

20 etching of the interlayer insulating film 14A made of a sili- 
con oxide film, a thin polymer film 17A is deposited on a 
wall 16a and a bottom 16b of the contact hole 16 as shown in 
FIG. 26(a). In this process, therefore, both the deposition 
of the polymer film 17A and the etching proceed competing 

25 with each other at the wall 16a and the bottom 16b of the 
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contact hole 16. At the bottom 16b , however , the etching 
predominates over the deposition. Accordingly/ the bottom 
16b of the contact hole 16 moves downward/ that is, toward 
the etching stopper film 13. 

5 In the case of dry etching of the interlayer insulat- 

ing film 14B made of an organic/inorganic hybrid film, a 
carbon component is contained/ not only in the etching 
gas, but also in the organic/inorganic hybrid film. 
Therefore, as shown in FIG.. 26(b)/ an etching reaction gas 

10 containing a carbon component is generated at the wall 16a 
and the bottom 16b of the contact hole 16 during the etching 
of the organic/inorganic hybrid film. As a result, a poly- 
mer film 17B having a larger thickness than that shown in 
FIG. 26(a) is deposited. In this case, also, both the depo- 

15 sition of the polymer film 17B and the etching prpceed com- 
peting with each other at the bottom 16b of the contact hole 
16. However, in this case, progress of the etching is 
blocked by the carbon component at the bottom 16b as the 
etching surface of the organic /inorganic hybrid film, to- 

20 gether with the polymer film 17B. In the early stage of the 
etching, that is, when the depth of the contact hole 16 is 
small, when the introduced amount of the plasma etching spe- 
cies and the plasma energy are sufficient, the etching pre- 
dominates over the deposition of the polymer film 17B, and 

25 therefore the etching proceeds . As the contact hole 16 be- 
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comes deeper with the progress of the etching, however, the 
introduced amount of the plasma etching species and the 
plasma energy become insufficient, failing to sufficiently 
remove the carbon component in the organic /inorganic hybrid 
5 film. Therefore, a surplus of the carbon component is accu- 
mulated on the bottom 16b of the contact hole 16, blocking 
smooth etching reaction. Since the deposition of the polymer 
film 17B predominates over the etching, the etching rate 
gradually decreases, and finally the etching stops. 
10 in consideration of the above, if the etching is carried 

out while sufficiently removing the polymer film on the bot- 
tom of the contact hole and the carbon component existing in 
the portion of the organic/ inorganic hybrid film exposed in 
the contact hole, the etching should proceed smoothly. 
15 The first and second etching methods according to the 

present invention are based on the first resolution principle 

described above. 

The first etching method of the present invention is di- 
rected to a method for plasma-etching an organic /inorganic 
20 hybrid film represented by SiC x H y 0 2 (x>0, y^O, z>0), includ- 
ing the step of: plasma-etching the organic /inorganic hybrid 
film while eliminating a carbon component from a surface por- 
tion of the organic /inorganic hybrid film. 

According to the first etching method, the plasma etch- 
25 ing is performed while the surface portion of the or- 
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ganic/inorganic hybrid film is reformed by elimination of a 
carbon component from the surface portion of the or- 
ganic/inorganic hybrid film. Therefore, in the carbon- 
eliminated surface portion, in which the amount of the carbon 
5 component that facilitates deposition of a polymer film is 
small, the etching rate improves. 

The second etching method of the present invention is 
directed to a method for plasma-etching an organic /inorganic 
hybrid film represented by SiC x H y 0 2 (x>0, y^O, z>0) , includ- 
10 ing repeating alternately a first step of eliminating a car- 
bon component from a surface portion of the organic /inorganic 
hybrid film and a second step of plasma-etching the surface 
portion from which the carbon component has been eliminated. 
According to the second etching method, the first step 
15 of eliminating a carbon component from the surface portion of 
the organic/ inorganic hybrid film and the second step of 
plasma-etching the surface portion from which the carbon com- 
ponent has been eliminated are performed alternately. There- 
fore, in the carbon-eliminated surface portion, in which the 
20 amount of the carbon component that facilitates deposition of 
a polymer film is small, the etching rate improves. 

In the first or second etching method, plasma etching is 
performed in the state where the carbon component has been 
eliminated from the surface portion of the organic /inorganic 
25 hybrid film, that is, in the state where the amount of the 
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carbon component that blocks cleaving of Si-0 bonds and gen- 
eration of C0 2 , SiF 4 , and the like is small in the surface 
portion of the organic/inorganic hybrid film. Therefore, the 
etching rate improves. This improves the throughput and also 
5 increases the etching selection ratio with respect to the re- 
sist pattern. 

The second etching method is especially effective in the 
case that the preferred conditions under which the carbon 
component is eliminated from* the surface portion are differ- 

10 ent from the preferred conditions under which the surface 
portion is plasma-etched , such as the case that the preferred 
gas pressure adopted when the carbon component is eliminated 
from the surface portion is largely different from the pre- 
ferred gas pressure adopted when the organic/ inorganic hybrid 

15 film is plasma-etched. 

In the first etching method, the plasma etching is pref- 
erably performed with an etching gas containing fluorine, 
carbon and nitrogen. 

In the second etching method, preferably, the first step 

20 is performed with a gas containing nitrogen, and the second 
step is performed with an etching gas containing fluorine and 
carbon. 

In the above case, the gas containing nitrogen may be a 
mixed gas of hydrogen and nitrogen or ammonia gas. 
25 When a gas containing nitrogen comes in-to contact with 
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the surface of an organic/inorganic hybrid film represented . 
by SiC x H y O z (x>0, y^O, z>0), "C x H y " is chemically changed to 
highly volatile HCN or CN at the surface of the SiC x H y O z film, 
and thus the proportion of the carbon component decreases in 
5 the surface portion of the organic /inorganic hybrid film 
(SiC x H y O z film). Therefore, the etching of the or- 
ganic/inorganic hybrid film proceeds at roughly the same 
etching rate as that for a silicon oxide film. This mecha- 
nism will be described according to reaction formulae as fol- 
io lows . 

When a gas containing nitrogen comes into contact with 
the surface of the organic/ inorganic hybrid film represented 
by SiC x H y 0 2 , chemical reaction represented by Formula 1 or 
Formula 2 below proceeds . 
15 SiC x H y 0 2 + (x/2)N 2 

SiH y . x 0 2 + xHCNt + (NH 3 etc.) Formula 1 
SiC x H y 0 2 + (x/2)N 2 

SiH y O z + xCNf •+ (NH 3 etc.) Formula 2 

That is, in the surface portion of the organic /inorganic 
20 hybrid film, the carbon component is eliminated, to provide a 
reformed film having a composition similar to that of a sili- 
con oxide film. 

Thereafter, when an etching gas containing fluorine and 
carbon comes into contact with the reformed layer of the or- 
25 ganic/inorganic hybrid film, the CF X contained in the etching 
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gas reacts with the reformed layer as represented by Formula 
3 or Formula 4 below, and thus etching proceeds. 
SiHy.xOz + (z/2)CF x 

SiF x + (z/2)C0 2 + (CHF 3 , CH 4 , etc.) Formula 3 
5 SiH y 0 2 + (z/2)CF x 

-> SiF x + (z/2)C0 2 + (CHF 3 , CH 4 , etc.) Formula 4 
Thus, "C x H y " is removed from the surface portion of the 
SiC x H y O z film, to form the reformed layer represented by SiH y _ 
x O z or SiH y 0 2 , and the reformed layer is then etched with an 
10 etching gas containing fluorine and carbon. In this way, the 
plasma etching can be performed for the organic/inorganic hy- 
brid film (SiC x Hy0 2 film) at roughly the same etching rate as 
that for a silicon oxide film (Si0 2 film). 

The above phenomenon that C or C x H y is removed from the 
15 SiC x H y O z film implies that the proportion of oxygen atoms in 
the film increases. This phenomenon can therefore be consid- 
ered as oxidation. 

The reformation of the surface portion of the SiC x H y O z 
film is a process of removing the carbon component in the 
20 surface portion of the SiC x H y O z film by changing the carbon 
component to HCN or CN. Therefore, if no hydrogen atoms or 
only a small amount of hydrogen atoms are contained in the 
SiC x H y O z film, hydrogen gas may be mixed in the gas for refor- 
mation to enable efficient progress of the reformation and 
25 thus the etching. 
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in plasma etching of an inorganic insulating film con- 
taining no carbon component at all, such as a SiOF film, 
there is known an etching method using an etching gas ob- 
tained by mixing a nitride such as NH 3 in a CF 4 gas that is 
5 normally used for etching of a silicon oxide film (Japanese 
Laid-open Patent Publication No. 9-263050). 

The above conventional etching method is based on a 
technical thought as follows. By mixing a nitride in the 
etching gas, fluorine radicals (F* ) in the plasma of the 
10 etching gas are scavenged by hydrogen atoms (H), nitrogen at- 
oms (N) , or active species thereof freely existing in the 
plasma, to thereby enhance the selectivity with respect to a 
silicon substrate or a resist film. This technical thought 
in Japanese Laid-Open Patent Publication No. 9-263050 is 
15 therefore completely different from the etching method of the 
present invention in which a gas containing a nitrogen compo- 
nent is used for eliminating a carbon component from the sur- 
face portion of an organic /inorganic hybrid film represented 

by SiC x H y O z . 

20 (Second resolution principle) 

The second resolution principle is for solving the sec- 
ond problem described above. This utilizes the mechanism 
that the etching rate is reduced by the existence of a carbon 
component contained in an organic /inorganic hybrid film rep- 

25 resented by SiC x H y O z . That is, an organic/inorganic hybrid 
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film is used as the etching s.topper film, in place of a sili- 
con nitride film conventionally used. More specifically, un- 
der the interlayer insulating film made of an 
organic/inorganic hybrid film, an etching stopper film made 
5 of an organic /inorganic hybrid film in which the proportion 
of the carbon component is large compared with the interlayer 
insulating film is provided. 

In place of the organic /inorganic hybrid film, any of 
silicon insulating films in which the proportion of the car- 
lo bon component is large, such as a Sic film and the like, may 
be used. 

The first fabricating method for a semiconductor device 
of the present invention includes the steps of: depositing an 
etching stopper film on an interconnection layer formed on a 

15 substrate, the etching stopper film being represented by 
SiC x H y O z (x>0, y^O, z^O) in which the proportion of carbon 
atoms with respect to silicon atoms is relatively large; de- 
positing an interlayer insulating film on the etching stopper 
film, the interlayer insulating film being represented by 

20 SiC x H y O z (x>0, y^O, z>0) in which the proportion of carbon 
atoms with respect to silicon atoms is relatively small; and 
forming a contact hole through the interlayer insulating film 
by plasma-etching the interlayer insulating film. 

The first semiconductor device of the present invention 

25 includes: an etching stopper film formed on an interconnec- 
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tion layer formed on a substrate, the etching stopper film 
being represented by SiC x H y 0 2 (x>0, y^O, z^O) in which the 
proportion of carbon atoms with respect to silicon atoms is 
relatively large; an interlayer insulating film formed on the 
5 etching stopper film, the interlayer Insulating film being 
represented by SiC x H y 0 2 (x>0, y^O, z>0) in which the propor- 
tion of carbon atoms with respect to silicon atoms is rela- 
tively small; and a contact hole formed through the 
interlayer insulating film by. plasma etching. 
10 According to the first fabricating method of a semicon- 

ductor device and the first semiconductor device, the etching 
stopper film containing a carbon component in a large propor- 
tion compared with the interlayer insulating film is formed 
under the interlayer insulating film. Therefore, once the 
15 plasma etching of the interlayer insulating film is com- 
pleted, the following phenomenon occurs. The etching stopper 
film containing a larger amount of a carbon component is more 
or less etched and generates an etching reaction gas contain- 
ing a carbon component, which is mixed in the plasma. in ad- 
20 dition, a large amount of the carbon component exists in the 
etching stopper film and on the surface thereof. Therefore, 
a thick polymer film is deposited on the bottom of the con- 
tact hole, and this sharply reduces the etching rate of the 
etching stopper film. 
25 Thus, the etching stopper film made of the second or- 
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ganic/inorganic hybrid film in which the proportion of the 
carbon component is relatively large serves as the etching 
stopper film for the interlayer insulating film made of the 
first organic/inorganic hybrid film in which the proportion 

5 of the carbon component is relatively small when the latter 
is plasma-etched to form a contact hole. 

In addition, since the above etching stopper film is 
made of an insulating film having a low specific dielectric 
constant , the specific dielectric constant between the lower 

10 and upper interconnections can be largely reduced , compared 
with the case of using a silicon nitride film having a large 
specific dielectric constant. 

In the first fabricating method of a semiconductor de- 
vice, the plasma etching is performed with an etching gas 

15 containing fluorine, carbon and nitrogen. 
(Third resolution principle) 

The third resolution principle is for solving the third 
problem described above. This utilizes the mechanism that 
the etching rate is reduced by the existence of a carbon com- 

20 ponent contained in an organic /inorganic hybrid film repre- 
sented by SiC x H y 0 2 . Specifically, the mechanism is that with 
increase in the amount of the carbon component contained in 
an organic/inorganic hybrid film, the polymer film deposited 
on the wall of a contact hole is thicker and this reduces the 

25 etching rate, and with decrease in the amount of the carbon 

22 



component contained in the organic /inorganic hybrid film, the 
polymer film deposited on the wall of the contact hole is 
thinner and this increases the etching rate. The third reso- 
lution principle can be realized by the following first and 

5 second schemes. 

In the first scheme, the lower part of the interlayer 
insulating film is made of a first organic /inorganic hybrid 
film that contains a carbon component in a relatively small 
proportion, and the upper part of the interlayer insulating 
10 film is made of a second organic/inorganic hybrid film that 
contains a carbon component in a relatively large proportion. 
Plasma etching is carried out for the upper and lower parts 
of the interlayer insulating film under the same conditions. 
In the second scheme, a fixed proportion of a carbon 
15 component is contained in the interlayer insulating film made 
of an organic /inorganic hybrid film. In the early stage of 
plasma etching of the interlayer insulating film (etching of 
the upper part of the interlayer insulating film), the amount 
of the carbon component eliminated from the wall and the bot- 
20 torn of the contact hole is kept relatively small, while in 
the late stage of the plasma etching of the interlayer insu- 
lating film (etching of the lower part of the interlayer in- 
sulating film) , the amount of the carbon component eliminated 
from the wall and the bottom of the contact hole is made 
25 relatively large. 
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The second fabricating method for a semiconductor device 
of the present invention, which embodies the first scheme of 
the third resolution principle, includes the steps of: depos- 
iting a first interlayer insulating film on an interconnec- 
tion layer formed on a substrate, the first interlayer 
insulating film being represented by SiC x H y O z (x>0, y^O, z^ 
0) in which the proportion of carbon atoms with respect to 
silicon atoms is relatively small; depositing a second inter- 
layer insulating film on the first interlayer insulating 
film, the second interlayer insulating film being represented 
by SiC x H y O z (x>0, y^O, z>0) in which the proportion of carbon 
atoms with respect to silicon atoms is relatively large; and 
plasma-etching the second interlayer insulating film and the 
first interlayer insulating film sequentially, to form a 
first opening through the second interlayer insulating film, 
the diameter of the first opening being smaller toward the 
bottom end, and a second opening through the first interlayer 
insulating film, the wall of the second opening being verti- 
cal to the bottom surface. 

The second semiconductor device of the present invention 
includes: a first interlayer insulating film deposited on a 
substrate, the first interlayer insulating film being repre- 
sented by SiC x H y o z (x>0, y^O, z^O) in which the proportion 
of carbon atoms with respect to silicon atoms is relatively 
small; a second interlayer insulating film deposited on the 
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first interlayer insulating film, the second interlayer insu- 
lating film being represented by SiC x H y 0 2 (x>0, y^O, z>0) in 
which the proportion of carbon atoms with respect to silicon 
atoms is relatively large; a first opening formed through the 
second interlayer insulating film by plasma-etching, the di- 
ameter of the first opening being smaller toward the bottom 
end; and a second opening formed under the first opening 
through the first interlayer insulating film, the wall of the 
second opening being vertical- to the bottom surface. 

According to the second fabricating method for a semi- 
conductor device and the second semiconductor device, the 
second interlayer insulating film deposited on the first in- 
terlayer insulating film contains a larger proportion of the 
carbon component than the first interlayer insulating film- 
Therefore, the following phenomenon occurs during the plasma 
etching of the second interlayer insulating film. Both the 
deposition of a polymer film and the etching proceeds compet- 
ing with each other at the bottom of the first opening. In 
this occasion, however, an etching reaction gas containing a 
large amount of the carbon component is generated during the 
etching of the second interlayer insulating film, which fa- 
cilitates deposition of polymer on the wall and the bottom of 
the first opening. In addition, the carbon component in the 
second interlayer insulating film blocks progress of the 
etching at the bottom, causing reduction in etching rate to- 
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ward the bottom. Therefore, with the progress of the etching 
toward the bottom of the first opening, a larger amount of 
polymer is deposited on the wall of the first opening. As a 
result, formed is the first opening of which the diameter is 
smaller toward the bottom. 

The first interlayer insulating film contains a smaller 
proportion of the carbon component than the second interlayer 
insulating film. Therefore, the following phenomenon occurs 
during plasma etching of the first interlayer insulating 
film. Both the deposition of a polymer film and the etching 
proceeds competing with each other at the bottom of the sec- 
ond opening. In this occasion, only a comparatively small 
amount of an etching reaction gas is generated from the first 
interlayer insulating film during the etching thereof, and 
thus deposition of a polymer film on the wall and the bottom 
of the second opening is small. This enables a sufficient 
amount of the carbon component to be eliminated from the 
first interlayer insulating film at the bottom of the second 
opening, and thus prevents reduction in etching rate toward 
the bottom. Therefore, with the progress of the etching to- 
ward the bottom of the second opening, only a small amount of 
polymer is deposited on the wall of the second opening. As a 
result, formed is the second opening of which the wall is 
roughly vertical to the bottom face. 

In the second fabricating method of a semiconductor de- 
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vice, the plasma etching is preferably performed with an 
etching gas containing fluorine, carbon and nitrogen. 

The third fabricating method for a semiconductor device 
of the present invention, which embodies the second scheme of 
the third resolution principle, includes the steps of: depos- 
iting an interlayer insulating film represented by SiC x H y O z 
(x>0, y^O, z>0) on a substrate; performing first plasma- 
etching for the interlayer insulating film while blocking or 
suppressing a carbon component from being eliminated from a 
surface portion of the interlayer insulating film, to form a 
first opening in the interlayer insulating film, the diameter 
of the first opening being smaller toward the bottom end; and 
performing second plasma etching for the interlayer insulat- 
ing film while facilitating elimination of the carbon compo- 
nent from the surface portion of the interlayer insulating 
film, to form a second opening under the first opening in the 
interlayer insulating film, the wall of the first opening be- 
ing vertical to the bottom surface. 

According to the third fabricating method for a semicon- 
ductor device, in the first plasma etching for the interlayer 
insulating film, which is performed while blocking or sup- 
pressing the carbon component from being eliminated from the 
surface portion of the interlayer insulating film, the fol- 
lowing phenomenon occurs. Both the deposition of a polymer 
film and the etching proceeds competing with each other at 
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the bottom of the firsts opening. In this occasion, however, 
since elimination of the carbon component from the interlayer 
insulating film is blocked or reduced, progress of the etch- 
ing is impeded, and thus the etching rate decreases toward 
the bottom. Therefore, with the progress of the etching to- 
ward the bottom, a larger amount of polymer is deposited on 
the wall. As a result, the first opening of which the diame- 
ter is smaller toward the bottom is formed in the upper part 
of the interlayer insulating film. 

In the second plasma etching for the interlayer insulat- 
ing film, which is performed while facilitating elimination 
of the carbon component from the surface portion of the in- 
terlayer insulating film, the following phenomenon occurs. 
Both the deposition of a polymer film and the etching pro- 
ceeds competing with each other at the bottom of the second 
opening. In this occasion, since the carbon component is 
sufficiently eliminated from the surface of the interlayer 
insulating film, the etching rate does not decrease with pro- 
gress of the etching toward the bottom. Therefore, only a 
small amount of polymer is deposited on the wall in compari- 
son with the progress of the etching toward the bottom. As a 
result, the second opening of which the wall is vertical to 
the bottom face is formed in the lower part of the interlayer 
insulating film. 

In the third fabricating method for a semiconductor de- 
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vice, preferably, the first plasma etching is performed with 
a first etching gas containing fluorine, carbon and nitrogen 
in which the proportion of nitrogen is relatively small, and 
the second plasma etching is performed with a second etching 
gas containing fluorine, carbon and nitrogen in which the 
proportion of nitrogen is relatively large. 
(Fourth resolution principle) 

As described above, the phenomenon that acid generated 
in the exposed portions of the resist film is deactivated is 
unique to the chemical amplification resist film formed on an 
organic /inorganic hybrid film, and does not occur in the 
chemical amplification resist film formed on a silicon oxide 
film. It is not possible to prevent this acid deactivation 
by increasing the exposure of an energy beam emitted to the 
resist film. From these facts and others, the acid deactiva- 
tion is presumed to occur as a result of reaction of acid 
{H + ) generated in the exposed portions with a reactive group 
contained in the organic /inorganic hybrid film. 

in the fourth resolution principle, therefore, a silicon 
oxide film is interposed between the organic/ inorganic hybrid 
film and the chemical amplification resist film for blocking 
the reaction of acid generated in the exposed portions with a 
reactive group contained in the organic /inorganic hybrid 
film. 

The fourth fabricating method for a semiconductor device 
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of the present invention includes the steps of: depositing an 
interlayer insulating film represented by SiC x H y O z (x>0, y^O, 
z>0) on a substrate; forming a silicon oxide film containing 
no carbon component on the top surface or a surface portion 
5 of the interlayer insulating film; forming a resist film made 
of a chemical amplification resist material on the silicon 
oxide film; and subjecting the resist film to pattern expo- 
sure and development to form a resist pattern made of the re- 
sist film. 

10 According to the fourth fabricating method for a semi- 

conductor device, the silicon oxide film containing no reac- 
tion group exists between the interlayer insulating film and 
the resist film made of the chemical amplification resist ma- 
terial. Therefore, acid generated in exposed portions of the 

15 resist film is prevented from reacting with the carbon compo- 
nent contained in the interlayer insulating film, and thus 
prevented from deactivation. This ensures the polarity 
(solubility to a developer) of the exposed portions of the 
resist film, and thus after removal of the exposed portions 

20 or non-exposed portions of the resist film with a developer, 
the resultant resist pattern is good in shape. 

In the fourth fabricating method for a semiconductor de- 
vice, the silicon oxide film may be formed by eliminating a 
carbon component from the surface portion of the interlayer 

25 insulating film. 
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The fifth fabricating method for a semiconductor device 
of the present invention includes the steps of: depositing an 
etching stopper film on an interconnection layer formed on a 
substrate, and then depositing an interlayer insulating film 
5 represented by SiC x H y 0 z (x>0, y^O, z>0) on the etching stop- 
per film; forming a contact hole through the interlayer insu- 
lating film; forming a resist pattern made of a chemical 
amplification resist material, the resist pattern having an 
opening for formation of an interconnection groove, and also 

10 forming a protection film made of the chemical amplification 
resist material on the bottom of the contact hole for pro- 
tecting the etching stopper film; and plasma-etching the in- 
terlayer insulating film using the resist pattern, to form 
the interconnection groove in the interlayer insulating film. 

15 According to the fifth fabricating method for a semicon- 

ductor device, the protection film made of a chemical ampli- 
fication resist material is formed on the bottom of the 
contact hole for protecting the etching stopper film. With 
the protection film formed in the contact hole, the inter- 

20 layer insulating film is plasma-etched to form an intercon- 
nection groove therein. Therefore, the portion of the 
etching stopper film exposed in the contact hole is prevented 
from being exposed to the plasma for formation of the 
interconnection groove and thus is damaged less easily. 

25 Using this method, the etching stopper film can be made thin 
and still can protect the interconnection layer from being 



still can protect the interconnection layer from being ex- 
posed to the plasma. It is therefore possible to avoid dam- 
aging of the surface of the interconnection layer or 
formation of a naturally oxidized film on the surface of the 

5 interconnection layer. 

The sixth fabricating method for a semiconductor device 
of the present invention, which corresponds to application of 
the first and second resolution principles to a fabrication 
process of a semiconductor device, includes the steps of: de- 

10 positing an etching stopper film on an interconnection layer 
formed on a substrate, the etching stopper film being repre- 
sented by SiC x H y O z (x>0, y^O, z^O) in which the proportion 
of carbon atoms with respect to silicon atoms is relatively 
large; depositing an interlayer insulating film on the etch- 

15 ing stopper film, the interlayer insulating film being repre- 
sented by SiC x H y 0 2 (x>0, y^O, z>0) in which the proportion of 
carbon atoms with respect to silicon atoms is relatively 
small; depositing a CMP stopper film on the interlayer 
insulating film; forming a resist pattern having an opening 

20 for formation of a contact hole on the CMP stopper film; 
transferring the opening of the resist pattern to the CMP 
stopper film, and then plasma-etching the interlayer in- 
sulating film while eliminating a carbon component from a 
surface portion of the interlayer insulating film, to form a 

25 contact hole through the interlayer insulating film; after 
removal of the resist pattern, depositing a conductive film 
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resist pattern, depositing a conductive film on the CMP stop- 
per film to fill the contact hole with the conductive film; 
and removing a portion of the conductive film exposed on the 
CMP stopper film by CMP, to form a plug made of the conduc- 
5 tive film. 

According to the sixth fabricating method for a semicon- 
ductor device, a contact hole is formed through the inter- 
layer insulating film by performing plasma etching while 
eliminating the carbon component from the surface portion of 

10 the interlayer insulating film* Formation of a polymer film 
is reduced on the surface portion from which the carbon com- 
ponent has been eliminated. Therefore, the etching rate does 
not decrease, and thus the contact hole can be formed through 
the interlayer insulating film with reliability. 

15 The etching stopper film containing a carbon, component 

in a large proportion compared with the interlayer insulating 
film is formed under the interlayer insulating film. There- 
fore, once the plasma etching of the interlayer insulating 
film is completed, the following phenomenon occurs. The 

20 etching stopper film containing a larger amount of a carbon 
component is more or less etched and generates an etching re- 
action gas containing a carbon component, which is mixed in 
the plasma. In addition, a large amount of the carbon compo- 
nent exists in the etching stopper film and on the surface 

25 thereof. Therefore, a thick polymer film is deposited on the 
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bottom of the contact hole, and this sharply reduces the 
etching rate of the etching stopper film. Thus, the etching 
stopper film in which the proportion of the carbon component 
is relatively large serves as the etching stopper film when 
5 the interlayer insulating film is plasma-etched to form a 
contact hole. 

In addition, the etching stopper film is made of an in- 
sulating film having a low specific dielectric constant, and 
thus enables large reduction .in the specific dielectric con- 
10 stant between the lower and upper interconnections, compared 
with a silicon nitride film having a large specific dielec- 
tric constant. 

Moreover, the CMP stopper film is interposed between the 
interlayer insulating film and the conductive film for forma- 

15 tion of the plug. The interlayer insulating film, is there- 
fore protected from being subjected to CMP when the portion 
of the conductive film exposed on the CMP stopper film is re- 
moved by CMP. Therefore, the interlayer insulating film is 
prevented from being damaged even though it is made of an or- 

20 ganic/inorganic hybrid film that is susceptible to CMP. 

The seventh fabricating method for a semiconductor de- 
vice of the present invention, which corresponds to applica- 
tion of the first and second resolution principles to a 
fabrication process of multilayer interconnections having a 

25 dual damascene structure, includes the steps of: depositing 
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an etching stopper film on a lower interconnection formed on 
a substrate, the etching stopper film being represented by 
SiC x H y O z (x>0, y^O, z^O) in which the proportion of carbon 
atoms with respect to silicon atoms is relatively large; de- 

5 positing an interlayer insulating film on the etching stopper 
film, the interlayer insulating film being represented by 
SiC x H y 0 2 (x>0, y^O, z>0) in which the proportion of carbon 
atoms with respect to silicon atoms is relatively small; de- 
positing a CMP stopper film on the interlayer insulating 

10 film; forming a first resist pattern having an opening for 
formation of a contact hole on the CMP stopper film; trans- 
ferring the opening of the first resist pattern to the CMP 
stopper film, and then plasma-etching the interlayer insulat- 
ing film while eliminating a carbon component from a surface 

15 portion of the second organic/inorganic hybrid film, to form 
a contact hole through the interlayer insulating film; after 
removal of the first resist pattern, forming a second resist 
pattern having an opening for formation of an interconnection 
groove on the CMP stopper film; transferring the opening of 

20 the second resist pattern to the CMP stopper film, and then 
plasma-etching the interlayer insulating film while eliminat- 
ing a carbon component from a surface portion of the inter- 
layer insulating film, to form an interconnection groove in 
the interlayer insulating film; depositing a conductive film 

25 on the CMP stopper film to fill the contact hole and the in- 
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terconnection groove with the conductive film; and removing a 
portion of the conductive film exposed on the CMP stopper 
film by CMP, to form a plug and an upper interconnection made 
of the conductive film. 

5 According to the seventh fabricating method for a semi- 

conductor device, as in the sixth fabricating method, a con- 
tact hole is formed through the interlayer insulating film by 
performing plasma etching while eliminating the carbon compo- 
nent from the surface portion of the interlayer insulating 

10 film. Therefore, the etching rate does not decrease, and 
thus the contact hole and the interconnection groove can be 
formed in the interlayer insulating film with reliability. 

The etching stopper film in which the proportion of the 
carbon component is relatively large compared with the inter- 

15 layer insulating film serves as the etching stopper film when 
the interlayer insulating film is plasma-etched to form a 
contact hole and an interconnection groove. 

In addition, the etching stopper film is made of an in- 
sulating film having a low specific dielectric constant, and 

20 thus enables large reduction in the specific dielectric con- 
stant between the lower and upper interconnection, compared 

i 

with a silicon nitride film having a large specific dielec- 
tric constant. 

Moreover, the CMP stopper film is interposed between the 
25 interlayer insulating film and the conductive film for forma- 
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tion of the plug and the upper interconnection. The inter- 
layer insulating film is therefore protected from being sub- 
jected to CMP when the portion of the conductive film exposed 
on the CMP stopper film is removed by CMP . Therefore , the 

5 interlayer insulating film is prevented from being damaged 
even though it is made of an organic/inorganic hybrid film 
that is susceptible to CMP. 

Thus, it is ensured to reduce the specific dielectric 
constant between the lower and upper interconnections in mul- 

10 tilayer interconnections having a dual damascene structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of the entire construc- 
tion of a plasma processing apparatus used in embodiments of 
15 the present invention. 

FIG. 2 is a flowchart of an etching method of the first 
embodiment of the present invention. 

FIG. 3 is a cross-sectional view for description of a 
mechanism of reforming and then etching a surface portion of 
20 an organic/inorganic hybrid film in the etching method of the 
first embodiment of the present invention. 

FIG. 4 is a view showing the timing at which a gas con- 
taining a N 2 component and CF gas are fed in the first em- 
bodiment of the present invention - 
25 FIGS. 5(a) and 5(b) are views showing the relationships 
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between the distance in the depth direction and the atomic 
concentration obtained from XPS analysis of film types a and 
b, respectively, of the organic/inorganic hybrid film. 

FIGS. 6(a) and 6(b) are views showing the relationships 
5 between the distance in the depth direction and the atomic 
concentration obtained from XPS analysis of film types c and 
d, respectively, of the organic/inorganic hybrid film. 

FIG. 7 is a view showing the relationship between the 
distance in the depth direction and the atomic concentration 
10 for a film obtained by reforming the film type c of the or- 
ganic/inorganic hybrid film using NH 3 /N 2 gas. 

FIG. 8 is a flowchart of an etching method of the second 
embodiment of the present invention. 

FIG. 9 is a view showing the timing at which a gas con- 
15 taining a N 2 component and CF gas are fed in the second em- 
bodiment of the present invention. 

FIG. 10(a) is a cross-sectional view illustrating a fab- 
ricating method for a semiconductor device of the third em- 
bodiment of the present invention, and FIG. 10(b) is a cross- 
20 sectional view illustrating a fabricating method for a semi- 
conductor device of a modification of the third embodiment of 
the present invention. 

FIGS. 11(a) through 11(c) are cross-sectional views of 
process steps of a fabricating method for a semiconductor de- 
25 vice of the fourth embodiment of the present invention. 
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FIGS. 12(a) through 12(c) are cross-sectional views of 
process steps of a fabricating method for a semiconductor de- 
vice of the fifth embodiment of the present invention. 

FIG. 13 is a view showing the timing at which a gas con- 
5 taining a N 2 component and CF gas are fed in the fifth em- 
bodiment of the present invention. 

FIGS. 14(a) through 14(c) are cross-sectional views of 
process steps of a fabricating method for a semiconductor de- 
vice of the sixth embodiment of the present invention. 
10 FIGS. 15(a) through 15(d) are cross-sectional views of 

process steps of the fabricating method for a semiconductor 
device of the sixth embodiment of the present invention. 

FIGS. 16(a) through 16(c) are cross-sectional views of 
process steps of a fabricating method for a semiconductor de- 
ls vice of the seventh embodiment of the present invention. 

FIGS. 17(a) through 17(c) are cross-sectional views of 
process steps of the fabricating method for a semiconductor 
device of the seventh embodiment of the present invention. 

FIGS. 18(a) through 18(d) are cross-sectional views of 
20 process steps of the fabricating method for a semiconductor 
device of the seventh embodiment of the present invention. 

FIGS. 19(a) through 19(c) are cross-sectional views of 
process steps of a fabricating method for a semiconductor de- 
vice of the eighth embodiment of the present invention. 
25 FIGS. 20(a) through 20(d) are cross-sectional views of 



process steps of the fabricating method for a semiconductor 
device of the eighth embodiment of the present invention. 

FIGS. 21(a) through 21(c) are cross-sectional views of 
process steps of a fabricating method for a semiconductor de- 
5 vice of the second modification of the eighth embodiment of 
the present invention. 

FIGS. 22(a) through 22(d) are cross-sectional views of 
process steps of the first conventional fabricating method 
for a semiconductor device. 
10 FIGS. 23(a) through 23(d) are cross-sectional views of 

process steps of the second conventional fabricating method 
for a semiconductor device. 

FIGS. 24(a) and 24(b) are cross-sectional views for de- 
scription of a problem occurring when a chemical amplifica- 
15 tion resist film is formed on an interlayer insulating film 
made of an organic/inorganic hybrid film. 

FIG. 25 is a cross-sectional view for description of the 
problem occurring when a chemical amplification resist film 
is formed on an interlayer insulating film made of an or- 
20 ganic/ inorganic hybrid film. 

FIG. 26(a) is a cross-sectional view of a contact hole 
formed by dry-etching an interlayer insulating film made of a 
silicon oxide film with an etching gas containing fluorine 
and carbon, and FIG. 26(b) is a cross-sectional view of a 
25 contact hole formed by dry-etching an interlayer insulating 
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film made of an organic/inorganic hybrid film with an etching 
gas containing fluorine and carbon. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 (Plasma processing apparatus) 

Hereinafter , embodiments of the etching methods accord- 
ing to the present invention will be described. First , as a 
precondition for the embodiments, a plasma processing appara- 
tus used for etching will be described with reference to FIG. 

10 1. 

FIG. 1 shows a cross-sectional structure of the plasma 
processing apparatus. A lower electrode 11, which is used as 
a sample mount, is placed in a lower portion of a reaction 
chamber 10 and holds a semiconductor substrate 12 by electro- 

15 static adsorption. An upper electrode 13 is placed in the 
upper portion of the reaction chamber 10 to face the lower 
electrode 11. An etching gas is fed into the reaction cham- 
ber 10 via a gas inlet 14 formed at the upper electrode 13. 
The gas inside the reaction chamber 10 is discharged by a 

20 vacuum pump 15 disposed under the reaction chamber 10. 

A plasma induction coil 17 is placed on the reaction 
chamber 10 with an insulator 16 therebetween. An end of the 
plasma induction coil 17 is connected to a first high- 
frequency source 19 via a first matching device 18, while the 

25 other end is grounded. The lower electrode 11 is connected 
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to a second high-frequency source 21 via a second matching 
device 20. 

When a first high-frequency power is applied to the 
plasma induction coil 17 from the first high-frequency source 

5 19, a high-frequency induced magnetic field is generated in- 
side the reaction chamber 10, so that the etching gas fed in 
the reaction chamber 10 becomes plasma. When a second high- 
frequency power is applied to the lower electrode 11 from the 
second high-frequency source 21, the plasma generated in the 

10 reaction chamber 10 is directed to the lower electrode 11, 
that is, to the semiconductor substrate 12, which is thus ex- 
posed to the plasma. 

(First embodiment) 

A plasma etching method of the first embodiment of the 
15 present invention carried out using the plasma processing ap- 
paratus described above will be described with reference to 
FIGS. 1, 2, 3, 4, 5(a), 5(b), 6(a), 6(b), and 7. 

First, as shown in FIG. 3, an interconnection layer 102 
made of an aluminum film, a copper film, an alloy film of 
20 aluminum or copper as a main component, or the like is embed- 
ded in an insulating film 101 deposited on a semiconductor 
substrate 100. Note that, although illustration is omitted 
in FIG. 3, the sides and the bottom of the interconnection 
layer 102 are coated with barrier metal that prevents metal 
25 atoms constituting the interconnection layer 102 from dis- 
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parsing into the insulating film 101. 

Thereafter, an etching stopper film 103 is deposited on 
the entire top surface of the semiconductor substrate 100 in- 
cluding the interconnection layer 102. The etching stopper 
5 film 103, which is made of a silicon nitride film, for exam- 
ple, protects the interconnection layer 102 and also serves 
as an etching stopper. The etching stopper film 103 is espe- 
cially required when a dual damascene interconnection struc- 
ture is formed, and prevents the interconnection layer 102 
10 from being oxidized with an etching gas during etching of an 
organic /inorganic hybrid film 104 described below. The etch- 
ing stopper film 103 also prevents the etching apparatus from 

being polluted with metal. 

• The organic/inorganic hybrid film 104 represented by 
15 SiC x H y C, (>0, y^O, z>0) is then deposited on the etching 
stopper film 103 using a known CVD apparatus. A resist pat- 
tern 105 having openings for formation of contact holes is 
formed on the organic /inorganic hybrid film 104. 

As the gas for deposition of the organic /inorganic hy- 
20 brid film 104, usable is a mixed gas of a material gas such 
as tetramethylsilane (Si(CH 3 ) 4 ), dimethyl . dimethyls iloxane 
(Si(CH3) 2 (-0-CH 3 ) 2 ), monomethylsilane (SiH,(CH,) >. or Hexame- 
thyldis iloxane (Si(CH3)3-0-Si(CH 3 )3) and an additive gas such 
as N 2 0. in the first embodiment, a mixed gas of hexamethyld- 
25 isiloxane (HMDSO) and N 2 C was fed into the CVD apparatus, to 
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deposit the organic/inorganic hybrid film 104 made of a hexa- 
methyldisiloxane film on the semiconductor substrate 100 that 

is kept at 300°C. 

Thereafter, in step SAl shown in FIG. 2, the resultant 
5 semiconductor substrate 100 is placed in the reaction chamber 
10 of the plasma etching apparatus shown in FIG. 1. In step 
SA2, the semiconductor substrate 100 is fixed to the lower 
electrode 11 by electrostatic adsorption. 

In step SA3, an etching -gas containing fluorine, carbon 
10 and nitrogen is fed into the reaction chamber 10 in a manner 
as shown in FIG. 4. An example of the etching gas containing 
fluorine, carbon and nitrogen is a mixed gas of a fluorocar- 
bon (CF) gas normally used for etching of a SiO z film and a 
N 2 gas. Details of the etching gas containing fluorine, car- 
15 bon and nitrogen will be described later. 

in step SA4, the first high-frequency power is applied 
to the plasma induction coil 17 from the first high-frequency 
source 19, to generate plasma between the lower electrode 11 
and the upper electrode 13. Also, the second high-frequency 
20 power is applied to the lower electrode 11 from the second 
high-frequency source 21. With this application, the etching 
species in the plasma are attracted to the semiconductor sub- 
strate 100. As a result, in step SA5, the organic /inorganic 
hybrid film 104 is plasma-etched using the resist pattern 105 
25 as a mask. 
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Once the organic/inorganic hybrid film 104 has been 
etched to a predetermined depth, in step SA6, the application 
of the high-frequency voltages to the upper electrode 13 and 
the lower electrode 11 and the feeding of the etching gas are 
5 stopped, to finish the etching. 

Hereinafter, an example of the etching gas used for the 
plasma etching of the organic/inorganic hybrid film 104, as 
well as the etching conditions thereof, will be described. 
First, an etching gas having a volume flow ratio of 
10 C 4 F 8 : CH 2 F 2 : AT : CO : N 2 = 2 : 1 : 10 : 5 : 0.5 

is fed via the gas inlet 14 into the reaction chamber 10 that 
is kept at a pressure of 2.6 Pa. The first high-frequency 
power of 1500 W at 13.56 MHz, for example, is applied to the 
plasma induction coil 17 from the first high-frequency source 
15 19, to generate plasma between the lower electrode .11 and the 
upper electrode 13. Also, the second hig[h-f requency power of 
1400 W at 4 MHz, for example, is applied to the lower elec- 
trode 11 from the second high-frequency source 21, to attract 
the etching species in the plasma to the semiconductor sub- 
20 strate 100 to thereby enable plasma etching. 

By the plasma etching described above, the etching spe- 
cies such as N 2 contained in the plasma are attracted to the 
bottom of a contact hole 104a, and reacts with carbon atoms 
and hydrogen atoms existing on the bottom. Thus, on the bot- 
25 torn of the contact hole 104a, a reformed layer (oxidized re- 
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gion) 104b where the carbon component has been eliminated is 
formed. At this time, a volatile reaction product such as 
HCN or CN is generated. By this reformation, the composition 
of the bottom portion (reformed layer 104b) of the contact 
5 hole 104a is close to the composition of Si0 2 . This means 
that the bottom of the contact hole 104a is nicely etched 
with the etching species such as CF X contained in the plasma, 
while a volatile reaction product such as SiF, C0 2 , CHF 3 , or 
CH 4 is generated. As a result, the etching rate at the bot- 
10 torn of the contact hole 104b in the organic /inorganic hybrid 
film 104 is roughly the same as the etching rate at a silicon 
oxide (Si0 2 ) film containing no carbon component. 

X-ray photoelectron spectroscopy (XPS) analysis was per- 
formed for the organic /inorganic hybrid film 104 immediately 
15 after the deposition thereof and when plasma processing was 
performed with NH 3 /N 2 gas. The results of the analysis are 
as follows. 

FIGS. 5(a), 5(b), 6(a), and 6(b) show the results of XPS 
analysis of the four types (film types a, b, c, and d) of the 

20 organic/inorganic hybrid film 104 that were formed under dif- 
ferent deposition conditions. In each graph, the x-axis 
represents the distance in the depth direction (corresponding 
to the sputtering time) and the y-axis represents the atomic 
concentration. FIGS. 4(a), 4(b), 5(a), and 5(b) show the re- 

25 suits of film types a, b, c, and d, respectively. The compo- 
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sitions of the four film types a, b, c, and d are as follows; 
the silicon component occupies about 30%, the oxygen compo- 
nent about 25 to 45 %, the carbon component about 17 to 37% , 
and the nitrogen component about 5% or less. From the XPS 

5 analysis results and in consideration of the material gas for 
film formation, it is presumed that SiC, SiN, and CH X (x = 1 
to 3) are captured in the network of SiO x (x = 1 to 3) where 
the amount of CH X captured is the largest. 

FIG. 7 shows the relationship between the distance in 

10 the depth direction and the atomic concentration for the film 
type c shown in FIG. 6(a) (containing about 30% of each of 
the silicon component, the carbon component, and the oxygen 
component, and about 5% of the nitrogen component) of the or- 
ganic/inorganic hybrid film 104 observed when plasma process- 

15 ing was performed using plasma of a mixed gas of ammonia gas 
and nitrogen gas. As is found from FIG. 7, in the surface 
portion of the organic/inorganic hybrid film 104 (portion 
having a depth of about. 20 nm from the surface), the oxygen 
component increases to about 65% while the carbon component 

20 decreases to 5% or less, with the silicon component and the 
nitrogen component being kept unchanged. From these results, 
it is found that the surface portion of the organic/inorganic 
hybrid film 104 was reformed to have a composition close to 
that of a silicon oxide (Si0 2 ) film. Also found is that it 

25 is only the surface portion of the organic/inorganic hybrid 
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film 104 that was reformed with the other portion thereof be- 
ing kept non-reformed. Therefore, the specific dielectric 
constant of the organic/inorganic hybrid film 104 remains low. 
Hereinafter, the etching gas used for the plasma etching 
5 method will be described. 

Normally, a main etching gas used for plasma etching of 
a Si0 2 film is a CF gas such as CF 4 , C 2 F 6 , C 2 F 4 , C 3 F 6 , C 3 F 8 , C 4 F 6 , 
C 4 F 8 (straight-chain or cyclic), and C 5 F 8 (straight-chain or 
cyclic). A CHF gas such as CHF 3 , CH 2 F 2 , and CH 3 F is also used 
10 as a main etching gas or an added gas for plasma etching of 
the Si0 2 film. in general, any of these main etching gases 
is seldom used singularly or in combination with other main 
etching gases only. Instead, a rare gas (He, Ar, Ne, Kr, Xe, 
etc.) or 0 2 gas is often mixed in the main etching gas. The 
15 rare gas is mixed for the purposes of diluting the etching 
gas, increasing the discharge rate of the gas in the reaction 
chamber, and controlling the electron temperature of the 
plasma, among others. The G 2 gas is often added for the pur- 
pose of removing a polymer film appropriately in the case 
20 that the polymer film may possibly be excessively formed on 
the wafer surface if only the main etching gas is used. 
Moreover, CO, C0 2 , SO, S0 2 , and the like may sometimes be 
added for the purpose of improving the etching ability of a 
resist pattern as an etching mask for the Si0 2 film or im- 
25 proving the etching selection ratio of the Si0 2 film to an 
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underlying film (ratio of the etching rate of the Si0 2 film 
to that of an underlying film). By using a gas obtained by 
combining the gases described above, it is possible to per- 
form suitable etching for the Si0 2 film that meets the re- 
quirements in the process. 

However, any of combinations of gasses described above 
fails to suitably etch an organic /inorganic hybrid Si0 2 film, 
in order to attain etching suitable for an organic /inorganic 
hybrid SiQ 2 film, the etching -method of the present invention 
) is inevitably required. 

The etching method of the first embodiment is based on 
the mechanism that etching is performed by repeating alter- 
nately in a microscopic sense (simultaneously in a macro- 
scopic sense) the processes of: reacting an organic component 
5 in an organic /inorganic hybrid film with nitrogen-containing 
molecules on the etching reaction surface of the or- 
ganic/inorganic hybrid film and removing a reaction product; 
and reacting silicon in the organic/inorganic hybrid film 
with a gas containing fluorine and carbon and removing a re- 

20 action product. 

As described above, as the etching gas used in the first 
embodiment, usable is a gas including a main etching gas ca- 
pable of etching a SiG 2 film, which is either a gas contain- 
ing fluorine and carbon or a gas containing fluorine, carbon, 

25 and hydrogen, into which a gas containing a nitrogen compo- 
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nent is mixed. 

Examples of the gas containing a nitrogen component 
mixed in the main etching gas include a single gas of nitro- 
gen (N 2 ), compounds of nitrogen and hydrogen (NH 3 , N 2 H 2 , etc.), 
compounds of nitrogen and oxygen (NO, N0 2/ N 2 0, N 2 0 3 , etc.), 
compounds of nitrogen and carbon (C 2 N 2 , etc.), compounds of 
nitrogen and fluorine (NF 3 , etc.), and compounds of nitrogen, 
oxygen, and fluorine (NOF, N0 2 F, etc.). 

The compounds of nitrogen and carbon (C 2 N 2 , etc.), with 
which the effect of the present invention is obtainable, are 
however not preferable from the standpoint of safety because 
in the event of gas leakage, the compounds will react with 
water in the atmosphere and generate prussic acid gas (HCN). 

AS described in the " SUMMARY OF THE INVENTION", Japanese 
Laid-open Patent Publication No. 9-263050 describes a method 
for etching an "inorganic" Si0 2 film containing fluoride or 
fluoride/nitrogen with an etching gas that is a mixture of a 
fluorocarbon gas and a gas of a compound of nitrogen and hy- 
drogen. 

The feature of the etching method described in Japanese 
Laid-open Patent Publication No. 9-263050 is as follows. By 
generating plasma from the etching gas that is a mixture of a 
fluorocarbon gas and a gas of a compound of nitrogen and hy- 
drogen, fluorine dissociated from the fluorocarbon and fluo- 
rine released from the fluorine-containing "inorganic" SiQ 2 
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film are bound with nitrogen or hydrogen. In this way, ex- 
cessive generation of fluorine is suppressed. By this mecha- 
nism, the ratio of the etching rate of the "inorganic" Si0 2 
film to that of the photoresist mask or the underlying sub- 
strate is improved, that is, the etching selection ratio is 
improved . 

As is apparent from the above, the mechanism utilized by 
the etching method for an organic/inorganic hybrid film of 
the present invention is completely different from the etch- 
ing method disclosed in Japanese Laid-Open Patent Publication 
No. 9-263050. 

From the standpoint of eliminating the carbon component 
form the surface portion of the organic /inorganic hybrid Si0 2 
film, the reaction on the etching reaction surface of the or- 
ganic/inorganic hybrid Si0 2 film is facilitated more effi- 
ciently by adding both nitrogen gas and hydrogen gas than by 
adding only nitrogen gas. The reason is that by adding ni- 
trogen gas and hydrogen gas, there occurs a reaction changing 
carbon to HCN or the like that is highly volatile and there- 
fore carbon is easily eliminated. In other words, carbon can 
be eliminated more efficiently by adding nitrogen gas and hy- 
drogen gas to the etching gas than by adding only nitrogen 
gas. Thus, by adding hydrogen gas to the etching gas con- 
taining fluorine, carbon and nitrogen, it is possible to en- 
hance the efficiency of elimination of the carbon component. 
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From the standpoint of enabling supply of nitrogen and 
hydrogen in the plasma, the effect obtained by mixing a ni- 
trogen-containing gas and hydrogen gas separately into the 
etching gas containing fluorine and carbon is substantially 
5 the same as the effect obtained by mixing a gas of a compound 
of nitrogen and hydrogen into the etching gas. 

As described above, the ability of eliminating the car- 
bon component increases by mixing nitrogen and hydrogen into 
a gas containing fluorine and carbon in the etching method 
10 for an organic/inorganic hybrid film. Note that there is a 
danger of causing explosion and the like if hydrogen gas and 
oxygen gas are simultaneously added to a gas containing fluo- 
rine, carbon and nitrogen. Therefore, if importance is put 
on safety, no oxygen gas should preferably be added when hy- 

15 drogen gas is added. 

The fluorocarbon gas and the hydrof luorocarbon gas were 
used exemplified above as the etching gas containing fluorine 
and carbon mainly used for etching of the inorganic Si0 2 film, 
in the etching method of the present invention, gases that 

20 exhibit good properties in etching of the inorganic Si0 2 film, 
such as HFE ( hydrof luoro-ether) or HFO ( hydrof luoro cyclized 
olefin), may be used as the etching gas containing fluorine 
and carbon. These gases have recently received attention as 
etching gases contributing to prevention of global warming. 

25 The etching method of the present invention can also be at- 
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tained by mixing a nitrogen-containing gas into these gases. 

By mixing a gas enabling supply of oxygen in the plasma, 
such as CO and C0 2 , into the etching gas containing fluorine, 
carbon and nitrogen, the surface portion of the or- 
5 ganic/ inorganic hybrid film 104 can be oxidized or reformed 
efficiently. 

In the case that the gas containing a nitrogen component 
is replaced with oxygen gas, the carbon component existing in 
the surface portion of the organic /inorganic hybrid film 104 
10 reacts with the oxygen component, generating carbon monoxide 
and carbon dioxide. The surface portion is therefore oxi- 
dized and thus reformed. However, by adding oxygen gas to 
the etching gas, the etching rate of the resist pattern 105 
increases, thereby reducing the etching selection ratio of 
15 the organic /inorganic hybrid film 104 to the resist pattern 
105. in addition, with an increased etching rate, the resist 
pattern 105 itself is etched, and thus the size of the open- 
ings of the resist pattern 105 greatly varies. This makes it 
difficult to form the fine contact holes 104a through the or- 
20 ganic/inorganic hybrid film 104 with high size precision. 

Thus, in the first embodiment, the organic /inorganic hy- 
brid film 104 is plasma-etched with an etching gas containing 
fluoride, carbon and nitrogen. Therefore, the or- 

ganic/inorganic hybrid film 104 can be etched at an etching 
25 rate roughly equal to that of a silicon oxide film, and yet 
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can maintain the properties thereof such as the specific di- 
electric constant and also can secure a good etching selec- 
tion ratio with respect to the resist pattern 105. 

The reformation of the surface portion of the or- 
ganic/inorganic hybrid film 104 includes removing carbon at- 
oms or hydrogen atoms from the surface portion to obtain a 
composition close to that of the Si0 2 film. This is inevita- 
bly accompanied by increase of the specific dielectric con- 
stant. 

To avoid the above problem, during the etching for the 
entire organic/inorganic hybrid film 104 , it is preferable to 
use an etching gas containing fluorine, carbon and nitrogen 
before the etching enters its final stage. At the final 
stage of the etching, an etching gas containing fluorine and 
carbon but containing no nitrogen is preferably used. In 
this way, the organic/inorganic hybrid film 104 can be etched 
at a high etching rate while the surface portion thereof is 
being reformed before the final stage of the etching. At the 
final stage of the etching, the already-reformed surface por- 
tion can be etched without increasing the specific dielectric 
constant. Thus, as the entire etching process, the etching 
rate can be improved without increasing the specific dielec- 
tric constant. 

( Second embodiment ) 
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A. plasma etching method of the second embodiment of the 
present invention carried out using the plasma processing ap- 
paratus described above will be described with reference to 

FIGS. 1, 8, and 9. 

First, as in the first embodiment, an interconnection 
layer is formed on a semiconductor substrate. An etching 
stopper film is deposited over the entire semiconductor sub- 
strate including the interconnection layer. An or- 
ganic/inorganic hybrid film represented by SiC x H y O z (x>0, y^O, 
z^O) is deposited on the etching stopper film, and a resist 
pattern is formed on the organic /inorganic hybrid film. 

Thereafter, in step SBl shown in FIG. 8, the resultant 
semiconductor substrate is placed in the reaction chamber 10 
of the plasma etching apparatus. In step SB2, the semicon- 
ductor substrate is fixed to the lower electrode 11. 

In step SB3, a reformation gas and an etching gas are 
fed into the reaction chamber 10. The kinds and the ways of 
feeding of the reformation gas and the etching gas are to be 
described with reference to step SB6. 

In step SB4 , the first high-frequency power is applied 
to the plasma induction coil 17 from the first high-frequency 
source 19, to generate plasma between the lower electrode 11 
and the upper electrode 13. Also, the second high-frequency 
power is applied to the lower electrode 11 from the second 
high-frequency source 21. With this application, the etching 



55 



species in the plasma are attracted to the semiconductor sub- 
strate 100. As a result, in step SB5, the organic/ inorganic 
hybrid film is plasma-etched. 

in step SB6, the feeding of the reformation gas and the 
5 etching gas is alternately switched so that the or- 
ganic/inorganic hybrid film is alternately reformed and 
etched. Specifically, as shown in FIG. 9, first, a nitrogen- 
containing gas is fed as the reformation gas to reform (oxi- 
dize) the surface portion of the organic/ inorganic hybrid 
10 film. The feeding of the nitrogen-containing gas is then 
stopped, and a CF gas, for example, is fed as the etching gas 
containing fluorine and carbon to etch the surface portion of 
the organic/inorganic hybrid film. Thereafter, the reforma- 
tion process using the nitrogen-containing gas and the etch- 
15 ing process using the CF gas are repeated alternately. Note 
that in the process of reforming the surface portion of the 
organic/inorganic hybrid film, it is possible to reduce the 
second high-frequency power applied to the lower electrode 11 
from the second high-frequency source 21. 
20 once the organic/ inorganic hybrid film has been etched 

to a predetermined depth, in step SB7 , the application of the 
high-frequency voltages to the upper electrode 13 and the 
lower electrode 11 and the feeding of the etching gas are 
stopped, to finish the etching. 
25 As described above, the etching method of the second em- 
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bodiment is based on the mechanism that etching is performed 
by repeating alternately in a macroscopic sense the processes 
of: reacting an organic component in the organic/inorganic 
hybrid film with nitrogen-containing molecules on the etching 
5 reaction surface of the organic /inorganic hybrid film and re- 
moving a reaction product; and reacting silicon in the or- 
ganic/inorganic hybrid film with a gas containing fluorine 
and carbon and removing a reaction product. In this etching 
method, the impetus for the .process of reacting an organic 
10 component in the organic /inorganic hybrid film with nitrogen- 
containing molecules is nitrogen and a nitrogen compound gen- 
erated in the plasma from the gas containing a nitrogen com- 
ponent. Likewise, the impetus for the process of reacting 
silicon in the organic/ inorganic hybrid film with the gas 
15 containing fluorine and carbon is fluorine and CF molecules 
generated in the plasma from the gas containing fluorine and 
carbon. 

In view of the above, in the second embodiment, the gas 
containing a nitrogen component may be used in the process of 

20 reacting an organic component in the organic /inorganic hybrid 
film with nitrogen-containing molecules, and the etching gas 
containing fluorine and carbon conventionally used for etch- 
ing of a Si0 2 film may be used in the process of reacting 
silicon in the organic/inorganic hybrid film with the gas 

25 containing fluorine and carbon. 
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In the second embodiment , also, in the process of react- 
ing an organic component in the organic/inorganic hybrid film 
with nitrogen-containing molecules, it is effective to use 
plasma obtained by adding nitrogen and hydrogen. For example, 

5 a mixed gas of H 2 and N 2 , NH 3 gas, or the like is preferably 
added to the gas containing fluorine and carbon. 

In the second embodiment, the reformation process using 
the nitrogen-containing gas (N 2 gas) and the etching process 
using the gas containing fluorine and carbon (CF gas) are re- 

10 peated alternately. Therefore, a carbide generated by reac- 
tion between the CF gas and the SiC x H y 0 2 film is prevented 
from reacting with an nitride as an etching species. As a 
result, the reformation of the surface portion with the ni- 
trogen-containing gas is made efficiently, and the etching of 

15 the reformed surface portion with the CF gas is made effi- 
ciently. 

The etching method of the second embodiment is also ef- 
fective in the case that the processing conditions are 
greatly different between the reformation process and the 
20 etching process, such as the case that the preferred gas 
pressure for the reformation using the nitrogen-containing 
gas (N 2 gas) is different from the preferred* gas pressure for 
the etching using the gas containing fluorine and carbon (CF 
gas ) . 

25 As described above, the reformation of the surface por- 
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tion of . the organic/inorganic hybrid film is accompanied by 
increase in specific dielectric constant. Therefore , the 
etching process should preferably be the final process in the 
repetition of the reformation process and the etching process. 

5 Also, in the final etching process, the reformed portion 
should preferably be removed to suppress increase in specific 
dielectric constant. 

Note however that in the case of etching for formation 
of a contact hole through the organic/ inorganic hybrid film 

10 on the etching stopper film, the reformed layer (that is, the 
bottom of the contact hole) is finally removed. Therefore, 
no increase of the specific dielectric constant occurs. 

(Third embodiment) 

15 a semiconductor device and a fabricating method therefor 

as the third embodiment of the present invention will be de- 
scribed with reference to FIG. 10(a). 

As shown in FIG. 10(a), first, an interconnection layer 
202 made of a copper film, an alloy film of copper as a main 

20 component, or the like is embedded in an insulating film 201 
deposited on a semiconductor substrate 200. Although illus- 
tration is omitted in FIG. 10(a), the sides and the bottom of 
the interconnection layer 202 are coated with barrier metal 
for prevention of metal atoms constituting the interconnect 

25 tion layer 202 from diffusing into the insulating film 201. 
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An etching stopper film 203 is then deposited on the en- 
tire surface of the semiconductor substrate 200 including the 
interconnection layer 202 by plasma CVD, for example. The 
etching stopper film 203 is made of a first organic/inorganic 

5 hybrid film represented by SiC x H y O z (x>0 / y^O, z^O) in which 
the proportion of the carbon component is relatively large. 

Subsequently, an interlayer insulating film 204 is de- 
posited on the entire surface of the etching stopper film 203 
by plasma CVD, for example. ■ The interlayer insulating film 

10 204 is made of a second organic/inorganic hybrid film repre- 
sented by SiC x H y O z (x>0, y^O, z>0 ) in which the proportion of 
the carbon component is relatively small. 

As the film formation gas for deposition of the etching 
stopper film 203 and the interlayer insulating film 204, us- 

15 able is a mixed gas of a material gas such as tetramethylsi- 
lane (Si(CH 3 ) 4 ) , dimethyl, dimethyls iloxane ( Si( CH 3 ) 2 ( -0-CH 3 ) 2 ) , 
monomethylsilane (SiH 3 (CH 3 ) ) / or Hexamethyldisiloxane 
(Si(CH 3 ) 3 -0-Si(CH 3 ) 3 ) and an additive gas such as N 2 0. In the 
third embodiment, a mixed gas of hexamethyldisiloxane (HMDSO) 

20 and N 2 0 was fed into a CVD apparatus, to deposit the inter- 
layer insulating film 204 on the semiconductor substrate 200 

that is kept at 3 00°C. 

The feature of the third embodiment is that the propor- 
tion of the carbon component contained in the first or- 
25 ganic/ inorganic hybrid film constituting the etching stopper 



film 203_ is larger than the proportion of the carbon compo- 
nent contained in the second organic/inorganic hybrid film 
constituting the interlayer insulating film 204. 

The proportion of the carbon component in the etching 
5 stopper film 203 can be made larger than that in the inter- 
layer insulating film 204 in the following manner, for exam- 
ple. The same kind of the material gas (for example, HMDSO) 
is used as the main component. The proportion of the addi- 
tive gas (for example, N 2 0) contained in the film formation 

10 gas for deposition of the etching stopper film 203 is re- 
duced, while the proportion of the additive gas contained in 
the film formation gas for deposition of the interlayer insu- 
lating film 204 is increased. Alternatively, a film forma- 
tion gas including a material gas containing an increased 

15 amount of the carbon component may be used for deposition of 
the etching stopper film 203, while a film formation gas in- 
cluding a material gas containing a reduced amount of the 
carbon component may be used for deposition of the interlayer 
insulating film 204. 

20 Thereafter, a resist pattern 205 having openings for 

formation of contact holes is formed on the interlayer insu- 
lating film 204. The interlayer insulating film 204 is then 
plasma-etched using the resist pattern 205 as a mask. 

The same etching gas and etching conditions as those 

25 used in the first embodiment are applied for the plasma etch- 



ing of the interlayer insulating film 204. That is, an etch- 
ing gas having a volume flow ratio of: 

C 4 F 8 : CH 2 F 2 : Ar : CO : N 2 = 2 : 1 : 10 : 5 : 0.5 
is fed into the reaction chamber 10 that is kept at a pres- 
5 sure of 2.6 Pa via the gas inlet 14. The first high- 
frequency power of 1500 W at 13.56 MHz, for example, is ap- 
plied to the plasma induction coil 17 from the first high- 
frequency source 19, to generate plasma between the lower 
electrode 11 and the upper electrode 13. Also, the second 
10 high-frequency power of 1400 W at 4 MHz, for example, is ap- 
plied to the lower electrode 11 from the second high- 
frequency source 21, to attract the etching species in the 
plasma to the semiconductor substrate 100 to thereby enable 
plasma etching. 

15 Thus, as in the first embodiment, the etching species 

such as N 2 in the plasma are attracted to the bottom of the 
contact hole 204a and react with carbon atoms or hydrogen at- 
oms existing on the bottom. As a result, a reformed layer 
(oxidized region) where the carbon component has been elimi- 

20 nated is formed on the bottom of the contact hole 204a, and 
thus the reformed bottom of the contact hole 204b is nicely 
etched with the etching species such as CF X contained in the 
plasma . 

Once the etching of the interlayer insulating film 204 
25 has been completed and the underlying etching stopper film 



203 is exposed in the contact hole 204a , the etching is 
blocked due to the following reason. The proportion of the 
carbon component contained in the etching stopper film 203 is 
larger than the proportion of the carbon component contained 
5 in the interlayer insulating film 204 as described above. 
Therefore , when the etching stopper film 203 is etched as the 
etching proceeds, an etching reaction gas containing the car- 
bon component is generated, resulting in deposition of a 
thick polymer film. In addition, the carbon component of the 

10 etching stopper film 203, as well as an excess of the carbon 
component of the polymer film, is accumulated on the etching 
stopper film 203, thereby blocking the progress of the etch- 
ing- This sharply decreases the etching rate, and thus the 
etching stops at the surface of the etching stopper film 203. 

15 The etching gas contains a fluorine component for cleav- 

ing Si-O bonds as described above. This fluorine component 
in the etching gas is scavenged by the carbon component con- 
tained in the etching stopper film 203. More specifically, 
the fluorine contained in the etching gas reacts with a car- 

20 bide such as a methyl group contained in the etching stopper 
film 203, to produce a fluorocarbon compound. By this reac- 
tion, the amount of the fluorine component contained in the 
etching gas is reduced, and therefore cleaving of the Si-0 
bonds in the etching stopper film 203 becomes less easy. 

25 This sharply decreases the etching rate, and thus the etching 



stops at the surface of the etching stopper film 203 • 

Thus, in the third embodiment, the etching stopper film 
203 made of the second organic/inorganic hybrid film having a 
relatively large proportion of the carbon component is formed 

5 under the interlayer insulating film 204 made of the first 
organic /inorganic hybrid film having a relatively small 
proportion of the carbon component- Such an etching stopper 
film 203 can serve as the etching stopper for the interlayer 
insulating film 204, and moreover can provide a significantly 

10 small specific dielectric constant compared with the conven- 
tional etching stopper film made of a silicon nitride. 

In the third embodiment, if the etching stopper film 203 
contains an oxygen component, the interconnection layer 202 
may possibly be oxidized with the oxygen component although 

15 slightly. Therefore, when the etching stopper film 203 is 
made of an organic /inorganic hybrid film represented by SiC x - 
H y 0 z (x>0, y^O, z>0), the film is preferably an insulating 
film containing no oxygen component (that is, z=0 ) . 

In the third embodiment, the thickness of the etching 

20 stopper film 203 is preferably about 50 nm when the thickness 
of the interlayer insulating film 204 is about 800 nm. By 
this setting, a sufficient etching selection ratio can be se- 
cured for the etching stopper film 203. 

(Modification of the third embodiment) 

25 A semiconductor device and a fabricating method therefor 



as a modification of the third embodiment of the present in- 
vention will be described with reference to FIG. 10(b). 

The feature of the modification of the third embodiment 
is that, as shown in FIG. 10(b), a protection film 206 made 
5 of a silicon nitride film, a silicon carbide film, or the 
like having a thickness of 10 nm, for example, is formed be- 
tween the interconnection layer 202 and the etching stopper 
film 203. 

As described above, if the etching stopper film 203 is 
10 made of an organic/inorganic hybrid film containing an oxygen 
component, the interconnection layer 202 may possibly be oxi- 
dized with the oxygen component although slightly. 

In the modification of the third embodiment, the protec- 
tion layer 206 containing no oxygen component is provided be- 
15 tween the interconnection layer 202 and the etching stopper 
film 203. The interconnection layer 202 is therefore pre- 
vented from being oxidized reliably even when the etching 
stopper film 203 contains an oxygen component. 

The thickness of the protection film 206 is so small 
20 that increase in the specific dielectric constant between the 
lower and upper interconnections is prevented even when the 
protection film 206 has a more or less high specific dielec- 
tric constant. 

In the third embodiment including the modification 
25 thereof, the interconnection layer 202 was of an embedded 
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type. In the case that the interconnection layer 202 is 
formed by patterning a conductive film, also, the effects of 
the third embodiment and the modification thereof can be ob- 
tained. 

5 

(Fourth embodiment) 

A semiconductor device and a fabricating method therefor 
of the fourth embodiment will be described with reference to 
FIGS. 11(a) to 11(c). 

10 First, as shown in FIG. 11(a), an interconnection layer 

302 made of a copper film, an alloy film of copper as a main 
component, or the like is embedded in an insulating film 301 
deposited on a semiconductor substrate 300. 

An etching stopper film 303 is then deposited on the en- 

15 tire surface of the interconnection layer 302 by plasma CVD, 
for example. The etching stopper film 303 is made of a first 
organic/inorganic hybrid film represented by SiC x H y 0 2 (x>0, y 
^0, z^O) in which the proportion of the carbon component is 
largest. 

20 Subsequently, a lower interlayer insulating film (first 

interlayer insulating film) 304 is deposited on the entire 
surface of the etching stopper film 303 by plasma CVD, for 
example. The lower interlayer insulating film 304 is made of 
a second organic/inorganic hybrid film represented by SiC x H y O z 

25 (x>0, y^0, z>0) in which the proportion of the carbon compo- 



nent is smallest. 

An upper interlayer insulating film (second interlayer 
insulating film) 305 is then deposited on the entire surface 
of the lower interlayer insulating film 304 by plasma CVD, 
5 for example. The upper interlayer insulating film 305 is 
made of a third organic /inorganic hybrid film represented by 
SiC x H y 0 2 (x>0, y^O, z>0) in which the proportion of the car- 
bon component is intermediate. 

As the film formation gas for deposition of the etching 
10 stopper film 303, the lower interlayer insulating film 304, 
and the upper interlayer insulating film 305, usable is a 
mixed gas of a material gas such as tetramethylsilane 
(Si(CH 3 ) 4 ), dimethyl . dimethyls iloxane (Si(CH 3 ) 2 (-0-CH 3 )2) , 
monomethylsilane (SiH 3 (CH 3 )), or Hexamethyldis iloxane 
15 (Si(CH 3 ) 3 -0-Si(CH 3 ) 3 ) and an additive gas such as N 2 0. In the 
fourth embodiment, a mixed gas of hexamethyldis iloxane 
(HMDSO) and N 2 0 was used. 

The proportion of the carbon component is made smaller 
in the order of the first organic /inorganic hybrid film con- 
20 stituting the etching stopper film 303, the third or- 
ganic/inorganic hybrid film constituting the upper interlayer 
insulating film 305, and the second organic/ inorganic hybrid 
film constituting the lower interlayer insulating film 304, 
in the following manner, for example. While the same kind of 
25 the material gas (for example, HMDSO) is used as the main 
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component:, the proportion of the additive gas (for example , 
N 2 0) contained in the film formation gas is increased or de- 
creased. Alternatively, a film formation gas including a ma- 
terial gas containing an increased or decreased amount of the 

5 carbon component may be selected. 

Thereafter, a resist pattern 306 having openings for 
formation of contact holes is formed on the upper interlayer 
insulating film 305. The upper and lower interlayer insulat- 
ing films 305 and 304 are sequentially plasma-etched using 

10 the resist pattern 306 as a mask. 

The same etching gas and etching conditions as those 
used in the first embodiment are applied for the plasma etch- 
ing of the upper and lower interlayer insulating films 305 
and 304. That is, an etching gas having a volume flow ratio 

15 of: 

C 4 F 8 : CH 2 F 2 : Ar : CO : N 2 = 2 : 1 : 10 : 5 : 0.5 
is fed into the reaction chamber that is kept at a pressure 
of 2.6 Pa, and plasma of the etching gas is generated to en- 
able plasma etching. 

20 Under the above conditions, etching proceeds for the up- 

per interlayer insulating film 305 in the following manner. 
The etching species such as N 2 contained in the plasma react 
with carbon atoms or hydrogen atoms existing on the bottom of 
the contact hole 307 to reform the bottom during the etching. 

25 Since the upper interlayer insulating film 305 contains the 
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carbon component in .an intermediate proportion, an etching 
reaction gas containing the carbon component is generated in 
an intermediate amount during the etching of the interlayer 
insulating film 305. This facilitates deposition of a poly- 

5 mer film on the wall and the bottom of the contact hole 307. 
In addition, the carbon component in the interlayer insulat- 
ing film 305 impedes progress of the etching. The etching 
rate therefore decreases toward the bottom of the contact 
hole 307. Therefore, the amount of polymer deposited on the 

10 wall is greater than the amount of progress of the etching 
toward the bottom. As a result, as shown in FIG. 11(b), the 
diameter of the contact hole 307 is smaller toward to the 
bottom. 

Subsequently, in the plasma etching for the lower inter- 
15 layer insulating film 304, etching proceeds in the following 
manner. The etching species such as N 2 contained in the 
plasma react with carbon atoms or hydrogen atoms existing on 
the bottom of the contact hole 307 to reform the bottom dur- 
ing the etching. The deposition of a polymer film and the 
20 etching proceed competing with each other on the bottom of 
the contact hole 307. However, since the lower interlayer 
insulating film 304 contains the carbon component in the 
smallest proportion, the carbon component contained in an 
etching reaction gas generated during the etching of the 
25 interlayer insulating film 304 is small, and thus the amount 
of the polymer film deposited on the wall and the bottom of 
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.the polymer film deposited on the wall and the bottom of the 
contact hole 307 is small. Moreover, the carbon component on 
the surface of the interlayer insulating film 304 at the bot- 
tom of the contact hole 307 has been sufficiently eliminated, 

5 and thus the etching rate does not decrease toward the bottom. 
Therefore, the etching rate at the bottom of the contact hole 
307 is large, and the amount of the polymer film deposited on 
the wall is sufficiently small. As a result, as shown in FIG. 
11(c), the etching proceeds with the diameter of the contact 

10 hole 307 being kept constant. 

As a result of the above etching process, as shown in 
FIG. 11(c), the wall of the contact hole 307 expands in a ta- 
pered shape near the opening thereof and stands vertical near 
the bottom thereof. With this shape of the contact hole, 

15 when a conductive film is deposited on the upper interlayer 
insulating film 305 after removal of the resist pattern 306, 
the contact hole 307 is reliably filled with the conductive 
film. 

In the fourth embodiment, the proportion of the carbon 
20 component contained in the upper interlayer insulating film 
305 is made larger than that in the lower interlayer insulat- 
ing film 304. This makes it possible to reliably form the 
contact hole 307 having a wall that expands in a tapered 
shape near the opening and stands vertical near the bottom, 
25 without the necessity of changing the etching conditions. 
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In the fourth embodiment, also, by adjusting the thick- 
nesses of the upper interlayer insulating film 305 and the 
lower interlayer insulating film 304, it is possible to re- 
liably control the heights of the portion of the contact hole 
5 307 having a tapered wall and the portion thereof having a 
vertical wall. 

In the fourth embodiment, the proportion of the carbon 
component contained in the lower and upper interlayer insu- 
lating films 304 and 305 was changed in stages. Alterna- 

10 tively, the proportion of the carbon component contained in 
the organic/inorganic hybrid film may be changed continuously. 

In the fourth embodiment, the etching stopper film 303 
made of the first organic/inorganic hybrid film having the 
largest proportion of the carbon component was provided under 

15 the lower interlayer insulating film 304. Alternatively, an 
etching stopper film made of a silicon nitride film, for ex- 
ample, may be provided. 

(Fifth embodiment) 
20 a semiconductor device and a fabricating method therefor 

of the fifth embodiment will be described with reference to 
FIGS. 12(a) to 12(c). 

First, as shown in FIG. 12(a), an interconnection layer 
402 made of a copper film, an alloy film of copper as a main 
25 component, or the like is embedded in an insulating film 401 

71 



deposited on a semiconductor substrate 400. 

An etching stopper film 403 is then deposited on the en- 
tire surface of the interconnection layer 402 by plasma CVD, 
for example. The etching stopper film 403 is made of a first 

5 organic /inorganic hybrid film represented by SiC x H y O z (x>0, y 
^0, z>0) in which the proportion of the carbon component is 
relatively large. 

Subsequently, an inter layer insulating film 404 is de- 
posited on the entire surface- of the etching stopper film 403 

10 by plasma CVD, for example. The interlayer insulating film 
404 is made of a second organic/inorganic hybrid film repre- 
sented by SiC x H y O z (x>0, y^O, z>0 ) in which the proportion of 
the carbon component is relatively small. 

As the film formation gas for deposition of the etching 

15 stopper film 403 and the interlayer insulating film 404, us- 
able is a mixed gas of a material gas such as tetramethylsi- 
lane (Si(CH 3 ) 4 ), dimethyl. dimethyls iloxane (Si(CH 3 ) 2 (-C— CH 3 ) 2 ) t 
monomethylsilane (SiH 3 (CH 3 )), or Hexamethyldis iloxane 
(Si(CH 3 ) 3 -0-Si(CH 3 ) 3 ) and an additive gas such as N 2 0. In the 

20 fifth embodiment, a mixed gas of hexamethyldis iloxane (HMDSO) 
and N 2 0 was used. 

The proportion of the carbon component in the etching 
stopper film 403 can be made larger than that in the inter- 
layer insulating film 404 in the following manner, for exam- 

25 pie. The same kind of the material gas (for example, HMDSO) 
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is used as the main component. The proportion of the addi- 
tive gas (for example, N 2 0) contained in the film formation 
gas for deposition of the etching stopper film 403 is re- 
duced , while the proportion of the additive gas contained in 
5 the film formation gas for deposition of the interlayer insu- 
lating film 404 is increased. Alternatively, a film forma- 
tion gas including a material gas containing an increased 
amount of the carbon component may be used for deposition of 
the etching stopper film 403/ while a film formation gas in- 

10 eluding a material gas containing a reduced amount of the 
carbon component may be used for deposition of the interlayer 
insulating film 404. 

Thereafter, a resist pattern 405 having openings for 
formation of contact holes is formed on the interlayer insu- 

15 lating film 404. The interlayer insulating film 404 is then 
plasma-etched using the resist pattern 405 as a mask. 

Hereinafter, the plasma etching method will be described 
in detail. 

First, as shown in FIG. 13, first-stage etching is car- 
20 ried out. That is, an etching gas containing fluorine, car- 
bon and nitrogen is fed into the reaction chamber. High- 
frequency power is applied to the plasma induction coil, to 
generate plasma of the etching gas. The plasma is then at- 
tracted to the semiconductor substrate 400. 
25 Under the above conditions, etching proceeds in the fol- 



lowing manner- The etching species such as N 2 contained in 
the plasma react with carbon atoms or hydrogen atoms existing 
on the bottom of a contact hole 406 (see FIG. 12(b)) to re- 
form the bottom during the etching. Since the amount of the 

5 N 2 component contained in the etching gas is small , the car- 
bon component of the interlayer insulating film 404 is less 
eliminated at the bottom of the contact hole 406. This im- 
pedes progress of the etching toward the bottom, and thus the 
etching rate toward the bottom of the contact hole 406 de- 

10 creases. Therefore, the amount of a polymer film deposited 
on the wall is greater than the amount of progress of the 
etching toward the bottom, and thus, as shown in FIG. 12(b), 
the diameter of the contact hole 407 is smaller toward the 
bottom. 

15 subsequently, second-stage etching is carried out as 

shown in FIG. 13. That is, the added amount of the N 2 gas to 
the etching gas fed into the reaction chamber is increased so 
that the proportion of N 2 is as large as that in the first 
embodiment (volume flow ratio of N 2 gas/ volume flow ratio of 

20 CF gas is relatively large). 

The above etching proceeds while the etching species 
such as N 2 contained in the plasma react with carbon atoms or 
hydrogen atoms existing on the bottom of the contact hole 406 
thereby reforming the bottom. Since the amount of the N 2 gas 

25 contained in the etching gas is large, the carbon component 
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at the surface of the interlayer insulating film 404 on the 
bottom of the contact hole 406 has been sufficiently elimi- 
nated. Therefore, the etching rate toward the bottom does 
not decrease. In addition, the amount of the polymer film 

5 deposited on the wall of the contact hole 406 is sufficiently 
small. Thus, the etching proceeds with the diameter of the 
contact hole 406 being kept constant. 

As a result, as shown in FIG. 12(c), formed is the con- 
tact hole 406 of which the wall expands in a tapered shape 

10 near the opening and stands vertical near the bottom. There- 
fore, when a conductive film is deposited on the interlayer 
insulating film 404 after removal of the resist pattern 405, 
the contact hole 406 is reliably filled with the conductive 
film. 

15 In the fifth embodiment, the amount of the N 2 gas added 

to the etching gas is increased during the etching. This 
makes it possible to reliably form the contact hole 406 of 
which the wall expands in a tapered shape near the opening 
and stands vertical near the bottom, without changing the 

20 composition of the interlayer insulating film 404. 

In the fifth embodiment, the added amount of the N 2 gas 
was changed in stages. Alternatively, the added amount of 
the N 2 gas may be change continuously. 

In the fifth embodiment, the etching stopper film 403 

25 made of the first organic/inorganic hybrid film in which the 



proportion of the carbon component was relatively large was 
formed under the interlayer insulating film 404 • Alterna- 
tively, an etching stopper film made of a silicon nitride 
film, for example, may be provided. 

5 

(Sixth embodiment) 

A semiconductor device and a fabricating method therefor 
of the sixth embodiment will be described with reference to 
FIGS. 14(a) to 14(c) and 15(a) to 15(d). 

10 First, as shown in FIG. 14(a), a lower interconnection 

502 made of a copper film, an alloy film of copper as a main 
component, or the like is embedded in an insulating film 501 
deposited on a semiconductor substrate 500. An etching stop- 
per film 503 having a thickness of 50 nm is then deposited on 

15 the entire surface of the lower interconnection 502. The 
etching stopper film 503 is made of a first organic /inorganic 
hybrid film represented by SiC x H y 0 2 (x>0, y^O, z^O) in which 
the proportion of the carbon component is relatively large. 

Subsequently, an interlayer insulating film 504 is de- 

20 posited on the etching stopper film 503 by plasma CVD, for 
example. The interlayer insulating film 504 is made of a 
second organic /inorganic hybrid film represented by SiC x H y O z 
(x>0, y^O, z>0) in which the proportion of the carbon compo- 
nent is relatively small. 

25 As the film formation gas for deposition of the etching 



stopper film 503 and the interlayer .insulating film 504, us- 
able is a mixed gas of a material gas such as tetramethylsi- 
lane (Si(CH 3 ) 4 ) / dimethyl. dimethyls iloxane (Si(CH 3 ) 2 (-0-CH 3 )2) , 
monomethylsilane (SiH 3 (CH 3 ) ), or Hexamethyldisiloxane 
5 (Si(CH 3 ) 3 -0-Si(CH 3 ) 3 ) and an additive gas such as N 2 0. 

The proportion of the carbon component in the etching 
stopper film 503 can be made larger than that in the inter- 
layer insulating film 504 in the following manner, for exam- 
ple. The same kind of the material gas (for example, HMDS0) 

10 is used as the main component. The proportion of the addi- 
tive gas (for example N 2 0) contained in the film formation 
gas for deposition of the etching stopper film 503 is re- 
duced , while the proportion of the additive gas contained in 
the film formation gas for deposition of the interlayer insu- 

15 lating film 504 is increased. Alternatively, a film forma- 
tion gas including a material gas containing an increased 
amount of the carbon component may be used for deposition of 
the etching stopper film 503, while a film formation gas in- 
cluding a material gas containing a reduced amount of the 

20 carbon component may be used for deposition of the interlayer 
insulating film 504. 

Subsequently, a CMP stopper film 505 made of a silicon 
nitride film, for example, is deposited on the interlayer in- 
sulating film 504. A resist pattern 506 having openings for 

25 formation of contact holes is formed on the CMP stopper film 



505. The CMP stopper film 505 is then etched using the re- 
sist pattern 506 as a mask, so that the openings of the re- 
sist pattern 506 are transferred to the CMP stopper film 505. 

Referring to FIG. 14(b), the interlayer insulating film 
5 504 is plasma-etched using the resist pattern 506 as a mask. 

The conditions of this plasma etching are substantially 
the same as those used in the first embodiment. That is, the 
etching gas containing fluorine, carbon and nitrogen is fed 
into the reaction chamber, and high-frequency power is ap- 
10 plied to the plasma induction coil to generate plasma of the 
etching gas . 

Under the above conditions, the etching proceeds in the 
following manner. The etching species such as N 2 contained 
in the plasma react with carbon atoms or hydrogen atoms ex- 

15 isting on the bottom of a contact hole 507 to reform the bot- 
tom during the etching. That is, the bottom (reformed layer) 
of the contact hole 507 has a composition close to that of 
Si0 2 , and therefore is nicely etched with the etching species 
such as CF X contained in the plasma. 

20 Referring to FIG. 14(c), the resist pattern 506 is re- 

moved. Referring to FIG. 15(a), the etching stopper film 503 
is etched using the CMP stopper film 505 having openings as a 
mask. By this etching, the portion of the etching stopper 
film 503 exposed in the contact hole 507 is removed. Since 

25 the etching stopper film 503 is over-etched, a shallow con- 



cave portion is formed at the surface. of the lower intercon- 
nection 502. 

Referring to FIG. 15(b), a metal film 508 made of a cop- 
per film, a tungsten film, or the like is deposited on the 

5 entire surface of the CMP stopper film 505. The portion of 
the metal film 508 exposed on the CMP stopper film 505 is 
then removed by CMP, to form a plug 508A made of the metal 
film 508 as shown in FIG. 15(c). A dishing phenomenon occurs 
at the surface of the plug 508A, so that the surface of the 

10 plug 508A is recessed by a depth roughly equal to the thick- 
ness of the CMP stopper film 505. 

Referring to FIG. 15(d), when the CMP stopper film 505 
is removed by etching, the surface of the plug 508A is flat 
and flush with the surface of the interlayer insulating film 

15 504. In the case of a multilayer interconnection structure, 
the flatness of upper interconnections can be improved. 

If no dishing phenomenon occurs at the surface of the 
plug 508A, or if the thickness of the CMP stopper film 505 is 
larger than the dishing amount, the surface portion of the 

20 plug 508A protrudes from the interlayer insulating film 504 
after the removal of the CMP stopper film 505. Such a pro- 
trusion may be used as an alignment mark in an alignment 
process for formation of upper interconnections if the flat- 
ness of the resultant upper interconnections is within a per- 

25 missible range. 



In -the sixth .embodiment , the contact hole 507 can be re- 
liably formed through the interlayer insulating film 504 made 
of the organic/inorganic hybrid film having a low specific 
dielectric constant. In addition, CMP can be performed 
5 nicely for the interlayer insulating film 504 made of an or- 
ganic/inorganic hybrid film considered poor in CMP resistance 
because the interlayer insulating film 504 is protected with 
the CMP stopper film 505 during the CMP process. 

Moreover, the etching stopper film 503 made of the or- 

10 ganic/inorganic hybrid film having a larger proportion of the 
carbon component is formed under the interlayer insulating 
film 504. This etching stopper film 503, which serves as the 
etching stopper for the interlayer insulating film 504, is 
significantly small in specific dielectric constant compared 

15 with the conventional etching stopper film made of a silicon 
nitride film. 

(Seventh embodiment) 

A semiconductor device and a fabricating method therefor 
20 of the seventh embodiment of the present invention will be 
described with reference to FIGS. 16(a) to 16(c), 17(a) to 
17(c), and 18(a) to 18(d). 

First, as shown in FIG. 16(a), a lower interconnection 
602 made of a copper film, an alloy film of copper as a main 
25 component , or the like is embedded in an insulating film 601 



deposited on a semiconductor substrate 600. An etching stop- 
per film 603 having a thickness of 50 nm is then deposited on 
the entire surface of the lower interconnection 602. The 
etching stopper film 603 is made of a first organic /inorganic 

5 hybrid film represented by SiC x H y O z (x>0, y^0, z>0 ) in which 
the proportion of the carbon component is relatively large. 

Subsequently, an interlayer insulating film 604 is de- 
posited on the etching stopper film 603 by plasma CVD, for 
example. The interlayer insulating film 604 is made of a 

10 second organic /inorganic hybrid film represented by SiC x H y O z 
(x>0, y^O, z>0) in which the proportion of the carbon compo- 
nent is relatively small. 

As the film formation gas for deposition of the etching 
stopper film 603 and the interlayer insulating film 604, us- 

15 able is a mixed gas of a material gas such as tetramethylsi- 
lane (Si(CH 3 ) 4 ) , dimethyl . dimethyls iloxane (Si(CH 3 ) 2 (-0-CH 3 )2) , 
monomethylsilane (SiH 3 (CH 3 ) ) , or Hexamethyldisiloxane 
(Si(CH 3 ) 3 -0-Si(CH 3 ) 3 ) and an additive gas such as N 2 0. 

The proportion of the carbon component in the etching 

20 stopper film 603 can be made larger than that in the inter- 
layer insulating film 604 in the following manner, for exam- 
ple. The same kind of the material gas (for example, HMDSO) 
is used as the main component. The proportion of the addi- 
tive gas (for example N 2 0) contained in the film formation 

25 gas for deposition of the etching stopper film 603 is re- 



duced, while the proportion of the additive gas contained in 
the film formation gas for deposition of the interlayer insu- 
lating film 604 is increased* Alternatively, a film forma- 
tion gas including a material gas containing an increased 

5 amount of the carbon component may be used for deposition of 
the etching stopper film 603 , while a film formation gas in- 
cluding a material gas containing a reduced amount of the 
carbon component may be used for deposition of the interlayer 
insulating film 604. 

10 Subsequently , a CMP stopper film 605 made of a silicon 

nitride film, for example, is deposited on the interlayer in- 
sulating film 604. A first resist pattern 606 having open- 
ings for formation of contact holes is formed on the CMP 
stopper film 605. The CMP stopper film 605 is then etched 

15 using the first resist pattern 606 as a mask, so that the 
openings of the first resist pattern 606 are transferred to 
the CMP stopper film 605. 

Referring to FIG. 16(b), the interlayer insulating film 
604 is plasma-etched using the first resist pattern 606 as a 

20 mask. 

The conditions of this plasma etching are substantially 
the same as those used in the first embodiment. That is, the 
etching gas containing fluorine, carbon and nitrogen is fed 
into the reaction chamber, and high-frequency power is ap- 
25 plied to the plasma induction coil to generate plasma of the 
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etching gas . 

Under the above conditions , the etching proceeds in the 
following manner. The etching species such as N 2 contained 
in the plasma react with carbon atoms or hydrogen atoms ex- 
5 isting on the bottom of a contact hole 607 to reform the bot- 
tom during the etching. That is, the bottom (reformed layer) 
of the contact hole 607 has a composition close to that of 
Si0 2 , and therefore is nicely etched with the etching species 
such as CF X contained in the plasma. 

10 After the first resist pattern 606 is removed as shown 

in FIG. 16(c) , a second resist pattern 608 having openings 
for formation of interconnection grooves is formed on the CMP 
stopper film 605 as shown in FIG. 17(a). 

Using the second resist pattern 608 as a mask, the CMP 

15 stopper film 605 and then the interlayer insulating film 604 
are sequentially etched, to form an interconnection groove 
609 communicating with the contact hole 607 in the interlayer 
insulating film 604 as shown in FIG. 17(b). The conditions 
for the etching for formation of the interconnection groove 

20 6 0 9 in the interlayer insulating film 604 are the same as 
those for formation of the contact hole 607 through the in- 
terlayer insulating film 604. 

After the second resist pattern 608 is removed as shown 
in FIG. 17(c), the portion of the etching stopper film 603 

25 exposed in the contact hole 607 is removed as shown in FIG. 



18(a) . 

Referring to FIG. 18(b), a metal film 610 made of a cop- 
per film, a tungsten film, or the like is deposited on the 
entire surface of the CMP stopper film 605. The portion of 

5 the metal film 610 exposed on the CMP stopper film 605 is 
then removed by CMP, to form a plug 610A and an upper inter- 
connection 610B made of the metal film 610 simultaneously as 
shown in FIG. 18(c). 

Referring to FIG. 18(d)/ when the CMP stopper film 605 

10 is removed by etching, the surface of the upper interconnec- 
tion 610B is flat and flush with the surface of the inter- 
layer insulating film 604. 

In the seventh embodiment, the contact hole 607 and the 
interconnection groove 609 can be reliably formed in the in- 

15 terlayer insulating film 604 made of an organic /inorganic hy- 
brid film having a low specific dielectric constant. In 
addition, CMP can be performed nicely for the interlayer in- 
sulating film 604 made of an organic/inorganic hybrid film 
considered poor in CMP resistance, because the interlayer in- 

20 sulating film 604 is protected with the CMP stopper film 605 
during the CMP process. 

Moreover, the etching stopper film 603 made of the or- 
ganic/inorganic hybrid film having a larger proportion of the 
carbon component is formed under the interlayer insulating 

25 film 604. This etching stopper film 603, which serves as the 



etching stopper for the interlay er insulating film 604, is 
significantly small in specific dielectric constant compared 
with the conventional etching stopper film made of a silicon 
nitride film. 

5 

(Eighth embodiment) 

A semiconductor device and a fabricating method therefor 
of the eighth embodiment will be described with reference to 
FIGS. 19(a) to 19(c) and 20(a) to 20(d). 

10 First, a lower interconnection 702 made of a copper 

film, an alloy film of copper as a main component, or the 
like is embedded in an insulating film 7 01 deposited on a 
semiconductor substrate 700. An etching stopper film 703 
having a thickness of 50 nm is then deposited on the entire 

15 surface of the lower interconnection 702. The etching stop- 
per film 703 is made of an insulating film represented by 
SiC x H y 0 2 (x>0, y^0, z>0) in which the proportion of the car- 
bon component is relatively large. 

Subsequently, an interlayer insulating film 704 is de- 

20 posited on the etching stopper film 703 by plasma CVD, for 
example. The interlayer insulating film 704 is made of an 
organic/inorganic hybrid film represented by SiC x H y O z (x>0, y 
^0, z>0) in which the proportion of the carbon component is 
relatively small. 

25 As the film formation gas for deposition of the etching 



stopper film 703 and the intjerlayer insulating film 704, us- 
able is a mixed gas of a material gas such as tetramethylsi- 

lane (Si(CH 3 )4) , dimethyl. dimethylsiloxane (Si(CH 3 ) 2 (-0-CH 3 ) 2 ) , 
monomethylsilane (SiH 3 (CH 3 ) )/ or Hexamethyldisiloxane 
5 (Si(CH 3 ) 3 -0-Si(CH 3 ) 3 ) and an additive gas such as N 2 0. 

The proportion of the carbon component in the etching 
stopper film 703 can be made larger than that in the inter- 
layer insulating film 704 in the following manner, for exam- 
ple. The same kind of the material gas (for example, HMDSO) 

10 is used as the main component. The proportion of the addi- 
tive gas (for example N 2 0) contained in the film formation 
gas for deposition of the etching stopper film 703 is re- 
duced, while the proportion of the additive gas contained in 
the film formation gas for deposition of the interlayer insu- 

15 lating film 704 is increased. Alternatively, a film forma- 
tion gas including a material gas containing an increased 
amount of the carbon component may be used for deposition of 
the etching stopper film 703, while a film formation gas in- 
cluding a material gas containing a reduced amount of the 

20 carbon component may be used for deposition of the interlayer 
insulating film 704. 

Thereafter, a silicon oxide film 705 containing no car- 
bon component, such as a TEOS film, having a thickness of 5 
nm to 10 nm is deposited on the interlayer insulating film 

25 704 by plasma CVD, for example. A positive chemical amplifi- 
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cation, resist material is then applied to the silicon oxide 
film 705, to form a resist film 706. 

The resist film 706 is then patterned by being exposed 
to light via a mask 707. By this pattern exposure, an ex- 
5 posed portion 706a of the resist film 706 is made soluble to 
a developer by the function of acid generated from an acid 
generator, while non-exposed portions 706b of the resist film 
7 06 remain hard to dissolve in the developer without genera- 
tion of acid from an acid generator. During this process, 

10 with the existence of the silicon oxide film 705 containing 
no carbon component interposed between the resist film 706 
and the interlayer insulating film 704, acid (H + ) generated 
in the exposed portion 706a of the resist film 706 is pre- 
vented from reacting with a carbon component (C) contained in 

15 the interlayer insulating film 7 04, and thus is not deacti- 
vated. It is therefore ensured that the exposed portion 706a 
is made soluble to the developer by the function of acid. 

Thereafter, as shown in FIG. 19(b), the exposed portion 
706a of the resist film 706 is removed by being dissolved in 

20 the developer, to form a first resist pattern 708 that is 
composed of the non-exposed portions 706b of the resist film 
706 and has openings for formation of contact holes. Since 
the exposed portion 706a of the resist film 706 has been made 
soluble to the developer without deactivation of acid as de- 

25 scribed above, the resultant first resist pattern 708 is ex- 
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cellent in resolution. 

Referring to FIG. 19(c), the opening of the first resist 
pattern 708 is transferred to the silicon oxide film 705, and 
then the interlayer insulating film 704 is plasma-etched us- 
5 ing the first resist pattern 708 as a mask, to form a contact 
hole 709 through the interlayer insulating film 704. 

The conditions of this plasma etching are substantially 
the same as those used in the first embodiment. That is, the 
etching gas containing fluorine, carbon and nitrogen is fed 
10 into the reaction chamber and high-frequency power is ap- 
plied to the plasma induction coil to generate plasma of the 
etching gas. 

Under the above conditions, the etching proceeds in the 
following manner. The etching species such as N 2 contained 

15 in the plasma react with carbon atoms or hydrogen, atoms ex- 
isting on the bottom of a contact hole 709 to reform the bot- 
tom during the etching. Therefore, the bottom of the contact 
hole 709 is nicely etched with the etching species such as 
CF X contained in the plasma. 

20 Referring to FIG. 20(a), before or after removal of the 

resist pattern 708 with oxygen plasma, the wall of the con- 
tact hole 709 is exposed to a nitrogen-containing gas or a 
gas containing fluoride, carbon and nitrogen, to form a re- 
formed layer 710 on the wall of the contact hole 709 by 

25 eliminating the carbon component from the organic/inorganic 



hybrid film. 

Referring to FIG. 20(b), after the removal of the first 
resist pattern 708, a second resist pattern 711 made of a 
chemical amplification resist material having openings for 

5 formation of interconnection grooves is formed on the silicon 
oxide film 705. With the existence of the silicon oxide film 
7 05 having no carbon component interposed between the chemi- 
cal amplification resist film and the interlayer insulating 
film 704, and the formation of the reformed layer 710 con- 

10 taining no carbon component on the wall of the contact hole 
709, acid generated in an exposed portion of the resist film 
is prevented from being deactivated. Thus, the resultant 
second resist pattern 711 is excellent in resolution. 

Referring to FIG. 20(c), the opening of the second re- 

15 sist pattern 711 is transferred to the silicon oxide film 705, 
and then the interlayer insulating film 704 is plasma-etched 
using the second resist pattern 711 as a mask, to form an in- 
terconnection groove 712 in the interlayer insulating film 
704. 

20 The conditions for the above etching are the same as 

those used in the first embodiment. That is, the etching gas 
containing fluorine, carbon and nitrogen is fed into the re- 
action chamber, and high-frequency power is applied to the 
plasma induction coil to generate plasma of the etching gas. 

25 under the above conditions, the etching proceeds in the 
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following manner. The etching species such as N 2 contained 
in the plasma react with carbon atoms or hydrogen atoms ex- 
isting on the bottom of the interconnection groove 712 to re- 
form the bottom during the etching- Therefore , the bottom of 

5 the interconnection groove 712 is nicely etched with the 
etching species such as CF X contained in the plasma. 

Thereafter, although illustration is omitted, the fol- 
lowing processes are carried out as in the seventh embodiment. 
After removal of the second resist pattern 711, the portion 

10 of the etching stopper film 703 exposed in the contact hole 
709 is removed. Before or after the removal of the resist 
pattern 711, the reformed layer 710 may be removed by oxide 
film etching. Thereafter, a metal film made of a copper film 
or a tungsten film is deposited on the entire surface of the 

15 silicon oxide film 705. The portion of the metal film ex- 
posed on the silicon oxide film 705 is then removed by CMP, 
to obtain multilayer interconnections having a dual damascene 
structure. 

In the eighth embodiment, the resist film 706 made of a 
20 positive chemical amplification resist material was used. 
When a resist film made of a negative chemical amplification 
resist material is used, also, deactivation of acid in the 
exposed portion of the resist film can be prevented by inter- 
posing the silicon oxide film 705 containing no carbon compo- 
25 nent between the interlayer insulating film 704 and the 
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negative resist film. 

In the case that a reflection prevention film is pro- 
vided by CVD at a position lower than the resist film 706 
shown in FIG. 19(a) , it is preferable to form the reflection 
5 prevention film on the interlayer insulating film 704 and 
then the silicon oxide film 705 on the reflection prevention 
film. By this structure, it is possible to prevent deactiva- 
tion of acid in the resist film 706 caused due to the exis- 
tence of the reflection prevention film based on a mechanism, 

10 different from that in the case of the organic /inorganic hy- 
brid film, that works when the underlying layer is an alka- 
line film or a film other than the organic/inorganic hybrid 
film that easily binds with H + . 

(First modification of the eighth embodiment) 

15 In the eighth embodiment, the silicon oxide film 705 

containing no carbon component was deposited on the inter- 
layer insulating film 704 made of the organic /inorganic hy- 
brid film. In the first modification of the eighth 
embodiment, the silicon oxide film 705 containing no carbon 

20 component is formed on the interlayer insulating film 704 by 
reforming the surface portion of the interlayer insulating 
film 704 made of the organic/inorganic hybrid film. 

First, as in the eighth embodiment, the interlayer insu- 
lating film 704 made of the organic/inorganic hybrid film is 

25 deposited. 
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The interlayer insulating film 704 is . then etched back 
with an etching gas containing fluorine and carbon. At the 
final stage of this etch-back process , an etching gas con- 
taining fluorine, carbon and nitrogen is fed and plasma is 

5 generated from the etching gas. The etching species such as 
N 2 contained in the plasma are attracted to the surface por- 
tion of the interlayer insulating film 704 and react with 
carbon atoms or hydrogen atoms existing on the surface por- 
tion. Thus, the surface portion of the interlayer insulating 

10 film 704 is reformed by the elimination of the carbon compo- 
nent, forming the silicon oxide film 705. 

Thereafter, a chemical amplification resist material is 
applied to the silicon oxide film 705 formed on the inter- 
layer insulating film 704, to form the resist film 706, as in 

15 the eighth embodiment. The resist film 706 is then subjected 
to pattern exposure, and the exposed portion 706a of the re- 
sist film 706 is removed with a developer, to form the first 
resist pattern 708. 

By the above method, the silicon oxide film 705 contain- 

20 ing no carbon component exists between the resist film 706 
and the interlayer insulating film 704. Therefore, as in the 
eighth embodiment, deactivation of acid generated in the ex- 
posed portion 706a of the resist film 706 is prevented. It 
is therefore ensured that the exposed portion 706a is made 

25 soluble to the developer by the function of acid. 



(Second modification of the eighth embodiment) 
A semiconductor device and a fabricating method therefor 
of the second modification of the eighth embodiment will be 
described with reference to FIGS. 21(a) to 21(c). 
5 First, as in the eighth embodiment, the interlayer insu- 

lating film 704 is plasma-etched using the first resist pat- 
tern 708 as a mask, to form the contact hole 7 09 through the 
interlayer insulating film 704 (see FIG. 19(c)). The re- 
formed layer 710 is then formed as shown in FIG. 20(a). 

10 Thereafter, the first resist pattern 708 is removed by ashing 
with oxygen plasma. 

Thereafter, a chemical amplification resist material is 
applied to the silicon oxide film 705, to form a resist film. 
The resist film is then subjected to pattern exposure and de- 

15 velopment, to form the second resist pattern 711 having open- 
ings for formation of interconnection grooves as shown in FIG. 
21(a). During this process, the chemical amplification re- 
sist material is also deposited in the contact hole 709. In 
the resist film deposited in the contact hole 709, acid gen- 

20 erated due to the pattern exposure is deactivated by the car- 
bon component from the etching stopper film 703. Therefore, 
the resist film on the bottom of the contact hole 709 is left 
behind after the removal of the exposed portion of the resist 
film with the developer, forming a protection film 711a made 

25 of the chemical amplification resist material in which acid 



has been deactivated. 

The opening of the second resist pattern 711 is trans- 
ferred to the silicon oxide film 705, and then the interlayer 
insulating film 704 is plasma-etched using the second resist 

5 pattern 711 as a mask to form an interconnection groove 712 
in the interlayer insulating film 704 as shown in FIG. 21(b). 

The conditions for the above etching are the same as 
those used in the first embodiment. That is, the etching gas 
containing fluorine, carbon and nitrogen is fed into the re- 

10 action chamber, and high-frequency power is applied to the 
plasma induction coil to generate plasma of the etching gas . 
Under the above conditions, the etching proceeds in the fol- 
lowing manner. The etching species such as N 2 contained in 
the plasma react with carbon atoms or hydrogen atoms existing 

15 on the bottom of the interconnection groove 712 to reform the 
bottom during the etching. Therefore, the bottom of the in- 
terconnection groove 712 is nicely etched with the etching 
species such as CF X contained in the plasma. 

The interlayer insulating film 704 is subjected to two 

20 times of plasma etching, one for formation of the contact 
hole 709 and the other for formation of the interconnection 
groove 712. Therefore, the portion of the etching stopper 
film 703 exposed in the contact hole 709 may possibly be ex- 
tremely thinned or even completely lost (see FIG. 20(c)). 

25 Therefore, during the ashing of the second resist pattern 711 



with oxygen plasma, the lower interconnection 702 may be ex- 
posed to the oxygen plasma forming a naturally oxidized film 
on the surface of the lower interconnection 702. This may 
increase the contact resistance between the plug made of a 
5 conductive film filled in the contact hole 709 and the lower 
interconnection 702. 

In the second modification of the eighth embodiment, the 
plasma etching for formation of the interconnection groove 
712 is carried out with the protection film 711a made of the 

10 acid-deactivated chemical amplification resist material ex- 
isting on the bottom of the contact hole 709. The etching 
stopper film 703 is therefore exposed to plasma etching only 
once, and thus the portion of the etching stopper film 703 
exposed in the contact hole 709 is prevented from being ex- 

15 cessively thinned. 

For the above reason, as shown in FIG. 21(c), when the 
second resist pattern 711 is removed by ashing with oxygen 
plasma, the lower interconnection 702 is prevented from being 
exposed to the oxygen plasma. This prevents formation of a 

20 naturally oxidized film on the surface of the lower intercon- 
nection 702, and thus prevents increase in the contact resis- 
tance between the plug made of a conductive film filled in 
the contact hole 709 and the lower interconnection 702. 

Moreover, since the etching stopper film 703 is exposed 

25 to plasma etching only once, the etching stopper film 7 03 



having a small thickness can be used. Thus, a material that 
deactivates a resist, such as an organic/inorganic hybrid 
film, can be used as the etching stopper film 703. Since the 
thickness of the etching stopper film 703 can be small, also, 
5 the specific dielectric constant between the lower and upper 
interconnections can be reduced. In addition, the thickness 
of the interlayer insulating film can be reduced, and thus 
the variation in thickness can be minimized. 
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